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FOREWORD 

Areas  designated  eligible  to  participate  in  the  Area 
Redevelopment  program  sometimes  are  blessed  with  natural 
resources  which  could  be  a  basis  for  growth  and  development. 
Properly  utilized,  these  natural  resources  can  create  new 
jobs,  so  needed  in  redevelopment  areas.   This  report  considers 
eight  counties  in  Western  Kentucky  characterized  by  abundant 
forests.   They  are  hardwood  forests  which  have  not  been 
fully  exploited  in  light  of  the  increased  use  of  hardwoods 
in  the  manufacture  of  pulp  and  paper  products. 

This  report  deals  with  the  overall  feasibility  of 
establishing  a  hardwood  pulp  and  paper  mill  in  Western 
Kentucky.   It  considers  all  the  resources  and  business 
factors  necessary  for  a  successful  enterprise  to  improve 
the  economic  condition  of  the  area  and  of  the  people  who 
live  and  work  there. 

The  report  was  prepared  under  contract  for  the  Area 
Redevelopment  Administration  by  Spindletop  Research  Center, 
Lexington,  Kentucky. 


William  L.  Batt,  Jr.,  Administrator 
Area  Redevelopment  Administration 
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Section  1 
INTRODUCTION 


During  recent  years,  the  use  of  hardwoods  in  the  manu- 
facture of  pulp  and  paper  products  has  increased  substantially, 
due,  in  large  measure,  to  the  relative  scarcity  of  softwoods. 
This  development  indicated  that  the  feasibility  of  a  pulp  and 
paper  mill  in  Western  Kentucky,  which  boasts  an  abundance  of 
hardwood  resources,  should  be  investigated.   In  addition,  a  strong 
consumer  of  timber  for  fiber  uses  should  improve  forest  conserva- 
tion activities  in  the  area.   Accordingly,  the  Wood  Utilization 
Division  of  the  Kentucky  Department  of  Commerce  applied  to  the 
Area  Redevelopment  Administration  (ARA)  for  a  technical  assistance 
grant.   This  resulted  in  a  contract  between  ARA  and  Spindletop 
Research  to  determine  the  technical  and  economic  feasibility  of 
establishing  a  pulp  and  paper  mill  in  an  eight-county  area  of 
Western  Kentucky,  hereinafter  referred  to  as  the  "Paradise  Area". 

DESCRIPTION  OF  THE  AREA 

The  Paradise  area  consists  of  the  following  eight 
counties  in  the  Western  Coalfields  Region  of  Kentucky:  Muhlenberg, 
Hopkins,  Butler,  Christian,  Edmonson,  Grayson,  Todd,  and  Warren 
(Figure  1-1).   The  area  had  a  1960  population  of  213,513.   Its 
economy  is  based  primarily  on  agriculture,  coal  mining,  and 
forestry.   Agriculture  is  on  a  bare  subsistence  level  in  many 
sections  of  the  area.   In  Muhlenberg  and  surrounding  counties, 
there  were  6,780  commercial  farms  in  1959,  with  about  14,380 
people  engaged  in  this  industry.  Some  2,000  of  the  farms  had  a 
gross  annual  income  of  less  than  $2,500.   Increased  mechanization 
has  reduced  employment  opportunities  in  coal  mining.   Manufactur- 
ing employment  in  the  area  is  about  7,400,  with  the  more  populous 
counties  of  Warren  and  Christian  accounting  for  5,235  of  this 
number 

Per  capita  income  in  1960  ranged  from  a  low  of  $636  in 
Edmonson  County  to  a  high  of  $2,073  in  Hopkins  County.   The 
unemployment  rate  ranged  from  3.8%  in  Todd  County  to  9.5%  in 
Muhlenberg  and  10.8%  in  Butler 

SCOPE 

The  contract  specifies  that  the  study  consist  of  the 
following  elements: 
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Figure  1-1 
REFERENCE  MAP  SHOWING  LOCATION  OF  STUDY  AREA 
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1.  Survey  of  wood  availability 

2 .  Survey  of  pulping  processes 

3.  Mill  site  selection 

4 .  Market  study 

5.  Operating  statements  and  capital  investment 

To  evaluate  the  applicability  of  the  various  pulping 
processes,  the  quantity  and  species  of  Western  Kentucky  wood 
resources  were  first  determined.   Those  processes  most  suited  to 
the  resources  of  the  area  were  then  examined  in  terms  of  pulpwood 
costs,  effluent  disposal,  fuel  and  electrical  power  costs,  and 
transportation  facilities.   Finally,  a  market  study  was  conducted 
to  predict  the  location  of  customers  for  the  mill's  production 
and  the  resulting  shipping  costs.   With  this  information,  the 
mill's  operating  costs  were  determined  and  a  projected  income 
statement  was  formulated. 

STAFF  AND  ACKNOWLEDGMENTS 

This  research  program  was  conducted  by  Spindletop's 
Techno-Economics  Research  Division,  under  the  direction  of 
Mr.  Theodore  R.  Broida,  Mr.  Charles  B.  Garrison,  the  project 
manager,  was  assisted  by  Mr.  Morris  Gildemeister ,  economic 
geographer,  and  Mr.  Wilburn  J.  Pratt,  economist.   Mr.  E.  G. 
Wiesehuegel,  forestry  consultant,  Norris,  Tennessee,  served  as 
consultant  for  the  project. 

Additional  assistance  was  given  by  Dr.  Necmi  Sanyer, 
Forest  Products  Laboratory,  Madison,  Wisconsin,  and  Harrod  Newland, 
Kentucky  Department  of  Commerce,  and  by  the  Tennessee  Valley 
Authority,  the  Central  States  Forest  Experiment  Station,  and 
numerous  pulp  and  paper  companies,  trade  associations,  machinery 
manufacturers,  and  engineering  firms. 
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Section  2 
SUMMARY  AND  CONCLUSIONS 


One  of  the  major  advantages  of  Western  Kentucky  as  a 
site  for  a  pulp  and  paper  mill  is  its  abundance  of  hardwood 
timber  resources.   There  is  sufficient  hardwood  volume  in  the 
Paradise  area  to  support  several  pulp  mills.   Within  a  50-mile 
radius  of  Paradise  the  annual  net  growth  of  hardwood  trees  with 
a  diameter  of  14  inches  or  less  is  about  228,000  cords.   In 
addition,  the  area  contains  about  2,700,000  cords  of  cull  trees 
which  are  suitable  for  pulping.   Cutting  these  cull  trees  could 
increase  the  growth  rate  of  growing  stock  timber  by  as  much  as 
50  percent.   The  hardwood  resources  could  support  an  NSSC  mill 
or  a  hardboard  mill,  and  could  provide  a  substantial  proportion 
of  the  material  requirements  of  a  kraft  mill.   The  latter  type 
of  mill  could  purchase  market  softwood  pulp  for  its  long-fiber 
needs.   It  is  also  possible  that  a  kraft  mill,  by  procuring 
softwoods  from  adjacent  states,  could  pulp  a  mixture  of  hard- 
woods and  softwoods. 

Sufficient  water  of  acceptable  quality  is  a  prerequi- 
site to  a  successful  pulp  and  paper  mill.   For  this  reason, 
potential  mill  sites  were  limited  to  those  areas  adjacent  to  the 
Green  River  in  Muhlenberg  and  Butler  Counties,  where  the  most 
favorable  stream  flow  rates  within  the  study  area  are  found.  The 
Corps  of  Engineers  has  forecast  a  minimum  stream  flow  of  1300 
cubic  feet  per  second  for  the  Green  River  in  this  two-county 
area  upon  completion  of  upstream  reservoirs  in  late  1965  or  1966 
Adequate  flow  is  necessary  if  stream  pollution  from  pulp  and 
paper  mill  effluent  is  to  be  avoided. 

The  Kentucky  Water  Pollution  Control  Commission  has 
stated  that  one-fourth  of  the  Green  River's  waste  assimilative 
capacity  could  be  assigned  to  a  pulp  and  paper  mill,  and  that 
no  NSSC  digester  effluent,  or  "black  liquors"  could  be  dis- 
charged into  the  stream.   Under  these  conditions,  an  NSSC  mill 
equipped  with  facilities  for  disposing  of  its  black  liquor  could 
discharge  the  remainder  of  its  effluent  into  the  Green  River. 
Effluent  disposal  would  not  be  a  problem  for  a  hardboard  mill, 
but  it  would  be  necessary  for  a  kraft  mill  to  install  a  lagoon 
system  for  regulation  of  effluent  discharge. 
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Aside  from  a  high  chloride  content  created  by  upstream 
oil  well  activity,  water  quality  of  the  Green  River  appears 
acceptable.   There  has  been  a  considerable  reduction  in  chlorides 
recently,  but  there  is  still  a  possibility  that  demineralizing 
treatment  of  process  water  would  be  necessary  in  order  to  pro-- 
tect  the  mill  equipment. 

Three  sites  adjacent  to  the  Green  River,  two  in  Muhlen- 
berg County  and  one  in  Butler  County,  were  selected  for  intensive 
analysis.   Although  none  are  ideal,  each  of  the  sites  possesses 
advantages  which  are  important  to  particular  pulping  processes. 

Energy  resources  are  abundant  and  relatively  inexpensive 
within  the  study  area.   Both  private  and  public  electrical  power 
is  available.   Due  to  the  extensive  strip  mining  operations  in 
Muhlenberg  and  surrounding  counties,  coal  is  quite  low  in  cost. 

There  is  an  ample  supply  of  semi-skilled  and  unskilled 
labor  which  could  be  trained  for  many  of  the  jobs  in  a  pulp  and 
paper  mill.   In  addition,  there  is  a  nucleus  of  workers  who 
possess  many  of  the  industrial  skills  needed  in  a  manufacturing 
plant.   Labor-management  relations  are  good  in  the  area. 

Transportation  facilities  are  not  uniformly  available 
at  the  three  potential  mill  sites.   One  site  is  served  by  ex- 
cellent highway  and  rail  facilities.   Highway  facilities  are 
adequate  at  the  second  site,  but  rail  spur  construction  would 
be  necessary.   The  third  site  would  also  require  rail  construc- 
tion, and  highway  facilities  are  presently  inadequate. 

A  market  study  was  conducted  for  corrugating  medium, 
printing  papers  and  fine  papers,  insulation  board,  and  hardboard. 
Except  for  insulation  board,  increasing  demand  for  these  products 
should  require  the  construction  of  new  mills  within  a  few  years. 
According  to  regional  demand  projections,  a  mill  in  Western  Ken- 
tucky would  be  favorably  located  to  serve  those  markets  where 
demand  will  be  greatest. 

Based  on  the  above  findings,  the  following  conclusions 
may  be  drawn: 

(A)  The  establishment  of  a  neutral  sulfite  semi- 
chemical  (NSSC)  mill  to  produce  corrugating 
medium  is  technically  and  economically  feasi- 
ble.  This  conclusion  is  based  on  an  inten- 
sive investigation  of  technical  and  marketing 
factors  and  a  detailed  profitability  analysis. 
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(B)  Two  other  mill  types  are  feasible  from  the 
standpoint  of  technical  factors  and  markets: 
(1)  a  kraft  mill  to  produce  printing  papers 
and  fine  papers,  and  (2)  a  "coarse-fiber" 
mill  to  produce  hardboard .   However,  the 
scope  of  the  project  did  not  permit  detailed 
profitability  analyses  of  these  two  possi- 
bilities . 

(C)  A  coarse-fiber  mill  to  produce  insulation 
board  is  technically  feasible,  but  the  market 
for  this  product  does  not  justify  the  estab- 
lishment of  new  mills. 

A  detailed  profitability  analysis  was  conducted  for  only 
one  of  the  mill  types  -  a  250-ton  neutral  sulfite  semichemical 
mill  to  produce  corrugating  medium.   A  projected  income  statement 
for  this  mill  yields  a  net  income  before  taxes  which  compares 
quite  favorably  with  pulp  and  paper  industry  averages.   It  is 
concluded  that  establishment  of  a  250-ton  NSSC  mill  is  both 
technically  and  economically  feasible. 

The  investigation  of  technical  and  market  factors  indi- 
cates that  a  kraft  or  hardboard  mill  would  also  be  feasible. 
However,  the  scope  of  the  project  did  not  permit  detailed  profit- 
ability analyses  for  these  types  of  mills. 
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Section  3 


APPLICABILITY  OF  COMMERCIAL  PULPING 


PROCESSES  TO  WESTERN  KENTUCKY 


The  characteristics  of  a  paper  product  are  largely 
dependent  upon  the  properties  of  the  pulp  that  is  used.   Pulps 
vary  widely  in  their  properties,  and  a  wide  variety  of  processes 
and  woods  are  employed  in  pulp  production. 

This  section  compares  commercial  pulping  processes  and 
their  wood  resource  requirements.   Some  processes  can  be  eliminated 
from  further  consideration  because  of  inadequate  resources.   For 
example,  the  forests  of  Western  Kentucky  consist  almost  entirely 
of  hardwood  species;  therefore,  those  processes  or  products  which 
require  a  high  proportion  of  softwoods  can  be  eliminated.   By 
eliminating  unsuitable  processes,  the  more  detailed  resource 
analyses  contained  in  ensuing  sections  need  only  cover  those 
processes  and  products  which  show  the  greatest  potential. 

Pulping  processes  may  be  grouped  into  four  major 
categories:   (1)  chemical,  (2)  semichemical ,  (3)  chemimechanical , 
and  (4)  mechanical.   In  general,  the  chemical  processes  reduce 
wood  to  pulp  by  chemical  action.   The  semichemical  and  chemi- 
mechanical processes  employ  both  chemical  and  mechanical  action, 
and  mechanical  pulps  are  produced  through  mechanical  action  alone. 

Tables  3-1  and  3-2  compare  the  characteristics  of  the 
various  pulping  processes. 


TABLE  3-1 


WOOD  REQUIREMENTS  FOR  SELECTED  PULPING  PROCESSES 


PROCESS 

Sulfite 

Kraft 

Soda 

Semichemical 

Chemimechanical 

Groundwood 


CORDS  OF  WOOD 
PER  TON  OF  PULP 


1.7    - 

2.2 

1.7    - 

2.4 

1.8   - 

2.6 

1.0    - 

1.7 

0.9    - 

1.3 

0.9    - 

1.3 

Source:   Forest  Products  Laboratory,  Forest  Service,  U.  S. 
Department  of  Agriculture,  1962. 
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CHEMICAL  PROCESSES 


Sulfite 


In  this  process,  woodchips  under  steam  pressure  are 
reduced  to  pulp  by  an  acid.   The  chemicals  used  may  be  calcium, 
ammonium,  sodium,  or  magnesium  bisulfites  plus  sulfurous  acid. 
The  process  frees  the  cellulose  fibers  from  the  wood  by 
dissolving  the  lignin  layer  surrounding  the  fibers. 

Woods  Used 

In  general,  softwoods  contain  longer  fibers  and 
produce  stronger  pulp  than  hardwoods.   The  sulfite  process,  in 
most  cases,  uses  softwoods  of  the  gymnosperm  class,  which  are 
long-fibered  and  low  in  resin  content.   In  more  recent  years, 
the  development  of  ammonium  and  magnesium  base  sulfite  production 
has  provided  an  opportunity  to  use  softwoods  with  higher  resin 
contents . 

Hardwoods  account  for  about  12  percent  of  the  pulpwood 
consumed  by  sulfite  mills,  finding  use  as  filler  stock  where 
softness  and  improved  sheet  formation  are  required,  e.g.,  in 
facial  tissue.   Only  the  low-density  species  are  used,  however, 
since  sulfite  pulp  from  dense  hardwoods  is  too  weak. 

Uses  of  Sulfite  Pulp 

Unbleached  sulfite  pulp  is  generally  used  in  paper  in 
which  color  specks  are  not  so  important,  e.g.,  to  improve  the 
strength  of  groundwood  sheets  for  newsprint  and  catalog  papers. 
Bleaching  will  yield  a  fine,  high-white,  sulfite  pulp  used  in  bond, 
book,  and  other  quality  papers.   Further  purification  yields 
chemical  cellulose,  used  in  the  production  of  rayon,  plastic, 
cellulose,  ethers,  esters,  etc. 

Technical  Applicability  to  Western  Kentucky 

The  sulfite  process  is  not  suited  to  a  site  on  the 
Green  River  within  the  8-county  Western  Kentucky  study  area.   The 
process  requires  softwoods,  and  to  a  lesser  extent,  low-density 
hardwoods.   The  Western  Kentucky  forest  resources,  on  the  other 
hand,  consist  chiefly  of  hardwoods,  with  the  denser  species 
predominant. 
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Kraft 

The  soda  and  sulfate  (kraft)  processes  are  alkaline 
pulping  processes.   In  the  soda  process,  the  cooking  liquor 
consists  mainly  of  caustic  soda,  while  the  kraft  process  uses 
sodium  sulfide  along  with  sodium  hydroxide.   The  use  of  sulfide 
produces  a  stronger  pulp  and  results  in  faster  cooking. 
Practically  every  soda  mill  today  uses  at  least  a  small  amount  of 
sulfide  and  is  in  the  process  of  converting  to  kraft  pulping,  so 
there  is  essentially  no  difference  between  the  two  processes. 
Soda  will  not  be  treated  separately  in  this  analysis. 

Recovery  of  the  cooking  chemicals  is  an  essential  part 
of  the  kraft  process,  otherwise  the  cost  of  sewering  would  be 
prohibitive,  and  stream  pollution  would  be  so  severe  that 
operation  on  inland  waters  would  be  impossible. 

Woods  Used 

The  kraft  process  can  use  most  species  of  both  soft- 
woods and  hardwoods.  The  final  product  determines  which  woods 
will  be  best . 

Uses  of  Kraft  Pulp 

Unbleached  kraft  pulp  is  used  in  the  manufacture  of 
such  "brown  papers"  as  wrapping,  bag,  sack,  multi-wall  bag, 
liner  board,  and  corrugating  medium.   Of  these  products,  only 
corrugating  medium  can  use  a  substantial  portion  (75  -  80  percent) 
of  hardwoods,  but  this  product  can  be  produced  more  economically 
with  the  neutral  sulfite  semichemical  process.   The  others  would 
be  made  from  a  furnish  consisting  of  at  least  80  percent  un- 
bleached, softwood  kraft  pulp. 

Laminating  and  saturating  grades  are  also  produced 
from  unbleached  kraft  pulp,  with  hardwoods  presently  providing 
up  to  65  percent  of  the  furnish.   However,  the  market  for  these 
grades,  which  are  used  as  a  fiber  filler  in  various  plastic 
products,  is  quite  small. 

Bleached  kraft  pulp  is  used  to  produce  the  "white 
papers"  and  related  products  shown  in  Table  3-3.   (The  percentage 
of  hardwoods  which  may  be  used  is  shown  for  each  type  of  product) . 
The  percent  figures  are  averages  for  the  product  categories;  some 
printing  papers  presently  use  more  than  50  percent. 
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TABLE  3-3 

END  PRODUCTS  USING  BLEACHED  KRAFT  PULP 

Percentage  of  Hardwoods  Used 
Product  Present        Potential 

Printing  papers  (book, 

magazine,  etc.)  60  70 

Writing  papers  (including 

bond,  envelope,  etc.)  50  70 

Tissue  and  towel  50  80 

Newsprint  -  30 

Folding,  food,  and  carton 

board  45-50  60-70 

Technical  Applicability  to  Western  Kentucky 

Unbleached  kraft  pulp,  which  is  used  in  products 
requiring  a  furnish  consisting  chiefly  of  softwoods,  must  be 
eliminated  from  further  consideration. 

Bleached  kraft  pulp,  on  the  other  hand,  with  a  fairly 
high  hardwood  content  may  be  used  in  the  manufacture  of  printing, 
writing,  and  other  fine  papers.  The  hardwood  resources  of 
Western  Kentucky  can  supply  possibly  60-65  percent  of  the  raw 
materials  for  a  bleached  kraft  mill.  The  long-fiber  requirements 
can  be  met  by  purchasing  softwood  kraft  pulp.   This  practice  is 
now  followed  by  kraft  mills  located  in  other  hardwood  areas. 
Alternatively,  a  mill  at  or  near  Paradise  could  procure  softwood 
chips  or  roundwood  from  the  pine-producing  districts  of  Kentucky 
and  surrounding  states  and  pulp  both  hardwoods  and  softwoods. 
It  should  be  noted  that  creped  grades  such  as  tissue  and 
toweling  can  not  be  produced  in  a  mill  designed  for  the  manu- 
facture of  printing  papers,  writing  papers,  and  similar  flat 
products . 

Preliminary  comparison  indicates  that  a  bleached  kraft 
pulp  mill  may  be  technically  feasible  at  a  site  on  the  Green 
River  in  Western  Kentucky.   Accordingly,  this  process  is  examined 
in  greater  detail  in  later  sections. 
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SEMICHEMICAL  PROCESSES 

Neutral  Sulfite  Semichemical  (NSSC) 

This  process*,  falling  between  mechanical  and  chemical 
pulping,  involves  two  stages:   first,  the  wood  chips  are 
partially  softened  under  steam  pressure  with  chemicals,  and  then 
the  fibers  are  separated  into  a  papermaking  pulp  (defibering  may 
also  occur  to  some  extent  during  the  chemical  treatment) . 
Sodium  sulfite  is  employed  in  most  semichemical  pulping,  with 
sodium  carbonate  or  sodium  bicarbonate  serving  as  a  buffer. 

Woods  Used 

The  advantages  of  semichemical  and  similar  processes 
are  high  pulp  yield  and  low  cost,  using  hardwoods.  NSSC  board 
pulp  (unbleached) can  be  produced  at  yields  of  70-80  percent  of 
wood  weight,  with  about  one  cord  of  wood  used  per  ton  of  pulp. 
Yields  from  chemical  processes,  on  the  other  hand,  fall  below 
50  percent  with  1.7  -  2.4  cords  of  wood  required  per  ton  of  pulp, 

NSSC  pulps  are  made  predominantly  from  hardwoods. 
Softwoods  are  less  suitable,  because  they  are  more  resistant  to 
pulping  and  thus  require  greater  amounts  of  chemicals  and  power. 
Hardwoods  used  include  oak,  hickory,  gum,  beech,  yellow  poplar, 
elm,  maple,  and  most  other  important  species. 

Uses  of  NSSC  Pulp 

During  the  early  development  of  the  NSSC  process,  it 
was  hoped  that  the  resulting  pulp  would  be  suited  to  the  manu- 
facture of  a  wide  variety  of  products.   It  was  subsequently 
discovered,  however,  that  the  bleaching  of  NSSC  pulp  was  a  very 
expensive  process.   Today,  NSSC  pulp  finds  its  chief  use  in  the 
production  of  unbleached  corrugating  medium  for  shipping 
containers  „ 


* 

The  bisulfite,  acid  sulfite,  and  kraft  semichemical 

processes  will  not  be  separately  treated  'here,  since  they  are 
much  less  important  commercially  than  NSSC.   The  bisulfite 
process,  for  example,  is  still  in  the  laboratory  stage.   It  is 
hoped  that  efficient  recovery  of  chemicals  will  be  possible  in 
this  process,  and  that  corrugating  medium  could  thus  be  produced 
more  economically  than  with  NSSC.   At  the  present  stage  of 
development,  however,  bisulfite  pulping  of  the  dense  or  "hard" 
hardwoods  does  not  produce  a  corrugating  board  as  high  in 
quality  as  NSSC  board. 
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Technical  Applicability  to  Western  Kentucky 

Preliminary  evaluation  indicates  considerable 
potential  for  establishment  of  an  NSSC  mill  in  Western  Kentucky. 
Accordingly,  the  process  and  products  are  closely  examined  in 
the  remaining  sections. 

The  hardwood  forests  of  Western  Kentucky  can  provide 
suitable  wood  resources  for  a  neutral  sulfite  semichemical  mill 
producing  unbleached  pulp  for  corrugating  medium.  Waste  paper 
or  box  trimmings  can  be  used  to  meet  the  long-fiber  requirements, 
which  will  be  about  15  percent. 

CHEMIMECHANICAL  PROCESSES 

Chemi  gr oundwood 

In  this  process,  wood  bolts  undergo  a  mild  chemical 
treatment  with  neutral  sulfite  liquor  under  steam  pressure, 
followed  by  grinding.   The  chemical  pretreatment  softens  the 
lignin  and  binding  materials,  allowing  the  grinding  stone  to 
remove  whole  fibers  rather  than  fine  particles. 

Woods  Used 

The  chemigroundwood  process  has  been  adapted  chiefly 
to  the  pulping  of  hardwoods.   It  is  not  very  effective,  however, 
in  pulping  high-density  hardwoods  which  are  not  easily  penetrated 
by  chemical  solutions.   Poplar,  birch,  and  maple  are  most 
suitable  for  the  process.   Power  requirements  are  too  great  for 
pulping  softwoods. 

Uses  of  Chemigroundwood  Pulp 

Hardwood  chemigroundwood  pulps  may  be  mixed  with 
softwood  groundwood  and  sulfite  pulps  for  the  production  of  news- 
print; however,  the  high-speed  machines  which  produce  today's 
newsprint  require  a  furnish  consisting  predominantly  of  softwood 
pulps.   Wet  hardwood  pulps  do  not  have  sufficient  strength,  and 
tend  to  break  at  high  speeds.   Hardwood  chemigroundwood  pulp 
thus  can  account  for  only  a  minor  portion  of  the  total  furnish 
for  newsprint. 

Chemigroundwood  pulps  are  also  suitable  for  the 
production  of  corrugating  board;  however, the  NSSC  process  provides 
a  superior  pulp  for  this  product. 
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Technical  Applicability  to  Western  Kentucky 

A  chemigroundwood  mill  would  not  be  practical  for  the 
study  area.  In  the  production  of  newsprint,  hardwood  pulp  from 
such  a  mill  could  account  for  a  maximum  of  10-15  percent  of  the 
total  furnish.  Since  the  softwood  resources  of  the  area  are 
negligible,  it  would  not  be  possible  to  establish  a  groundwood 
or  sulfite  mill  to  supply  the  85-90  percent  long-fiber  require- 
ments . 

Mason  and  Asplund 

The  first  step  of  the  Mason  (exploded)  process  consists 
of  softening  wood  chips  by  the  action  of  saturated  steam  at 
elevated  pressures.   A  sudden  release  of  external  pressure  causes 
the  chips  to  explode  into  fibers  and  fiber  bundles,  which  are 
then  refined  mechanically. 

The  Asplund  process  subjects  wood  chips  to  high 
temperatures,  softening  the  middle  lamella  (which  binds  the 
fibers  of  wood  together)  and  allows  the  whole,  undamaged  fibers 
to  be  rubbed  apart  mechanically. 

Woods  Used 

Both  the  Mason  and  the  Asplund  process  can  use  nearly 
all  varieties  of  hardwoods  and  softwoods.   Some  insulation  board 
mills  and  most  hardboard  mills  prepare  chips  from  the  residues 
(slabs,  edgings,  etc.)  of  other  forest  products  industries  rather 
than  procuring  wood  in  roundwood  form. 

Uses  of  Mason  and  Asplund  Pulps 

The  final  product  of  the  pulps  produced  by  these 
processes  depends  upon  the  method  of  forming  the  pulp  into 
board.   If  a  wet  process  is  employed,  insulation  board  and/or 
hardboard  can  be  produced.   If  a  dry  process  is  used,  hardboard 
only  is  produced.   In  both  processes,  either  smooth-one-side 
(S-l-S)  or  smooth-two-sides  (S-2-S)  hardboard  may  be  produced. 

Technical  Applicability  to  Western  Kentucky 

A  coarse-fiber  type  of  operation  (Mason,  Asplund,  or 
a  related  process)  should  be  technically  suited  to  the  study 
area.   Accordingly,  a  mill  of  this  type  is  examined  in  greater 
detail  in  later  sections. 
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The  hardwoods  used  in  the  production  of  insulation 
board,  hardboard,  and  related  products  have  consisted  chiefly 
of  those  of  medium-to-low  density,  while  the  hardwoods  of 
Western  Kentucky  are   predominantly  high  density.   Numerous 
laboratory  tests  have  demonstrated,  however, that  suitable  board 
can  be  made  from  the  denser  species,  and  there  is  now  a  definite 
trend  toward  their  use. 

Cold  Soda 

In  this  process,  wood  chips  are  impregnated  with  cold 
caustic  soda  and  mechanically  refined. 

Woods  Used 

Softwoods  show  little  or  no  response  to  cold  soda 
pulping.   Most  hardwoods,  on  the  other  hand,  are  well  suited  to 
this  process.   Birch,  maple,  beech,  oak,  sweetgum,  and  aspen  are 
used  successfully. 

Uses  of  Cold  Soda  Pulp 

High-yield  cold  soda  pulp  (90-92  percent)  exhibits 
many  of  the  characteristics  of  groundwood  pulp,  i.e.,  good  bulk, 
opacity,  and  softness,  and  is  used  as  a  partial  substitute  for 
softwood  groundwood  pulp  in  newsprint  and  book  paper. 

Lower  yield  cold  soda  pulp  is  more  similar  to  NSSC 
pulp,  exhibiting  stiffness,  poor  bulk,  and  poor  opacity.   It  is 
used  in  the  heavier  sheets  and  boards,  such  as  corrugating  medium 
and  bleached  food  board. 

Technical  Applicability  to   Western  Kentucky 

A  cold  soda  mill  is  generally  operated  in  conjunction 
with  another  type  of  mill  (e.g.,  softwood  kraft  and  groundwood 
mills)  in  the  production  of  newsprint.   A  complex  of  this  type 
is  not  technically  suited  to  Western  Kentucky,  because  softwoods 
would  not  be  available  for  the  kraft  and  groundwood  mills. 

The  most  likely  combination  in  Western  Kentucky  would 
be  with  a  kraft  mill  for  the  production  of  book  paper  and 
possibly  other  printing  and  fine  papers;  both  mills  could  use 
hardwoods.   A  cold  soda  mill  consumes  considerably  less  wood 
per  ton  of  pulp  than  the  kraft  mill,  due  to  its  higher  yield. 
Its  proportion  of  the  total  furnish  would  be  limited,  however, 
due  to  lack  of  brightness  in  cold  soda  pulp. 
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In  practice,  it  is  doubtful  that  a  combination  kraft- 
cold  soda  operation  would  offer  any  advantages  over  a  single- 
mill  kraft  installation,  unless  wood  costs  were  extremely  high. 
The  use  of  cold  soda  pulp  limits  the  number  of  products  which 
can  be  produced.   An  existing  kraft  mill  whose  design  was  not 
conducive  to  expansion,  however,  might  advantageously   add  a 
small  cold  soda  mill  if  an  increase  in  production  were  desired. 

Cold  soda  pulp  from  hardwoods  can  also  be  used  in  the 
manufacture  of  corrugating  medium,  but  this  product  can  be  made 
at  higher  quality  from  NSSC  pulp. 

Cold  soda  food  board  requires  a  50  percent  long-fiber 
furnish.   Western  Kentucky's  lack  of  softwoods  makes  this  a 
doubtful  possibility,  although  it  would  become  more  attractive 
if  future  developments  make  possible  the  use  of  a  higher 
proportion  of  hardwoods . 

In  summary,  it  is  technically  possible  to  produce  cold 
soda  pulp  from  Western  Kentucky  hardwoods.   Its  use,  however, 
might  result  in  lower  quality  end  products  and  a  limited  product 
line.   Thus,  cold  soda  mills  will  not  be  given  further 
consideration . 

Hot  Sulfite  Chemimechanical 

The  hot  sulfite  process  subjects  wood  chips  to  a  mild 
chemical  treatment  with  a  hot  sodium  sulfite  solution  and  then 
mechanically  fiberizes  them  into  pulp. 

Woods  Used 

This  process  may  use  either  softwoods  or  hardwoods. 

Uses  of  Hot  Sulfite  Pulp 

Hot  sulfite  pulp,  serving  as  a  substitute  for  ground- 
wood  pulp,  may  be  mixed  with  softwood  kraft  and  sulfite  pulp  in 
the  production  of  book  papers. 

Technical  Applicability  to  Western  Kentucky 

Hardwood  hot  sulfite  pulp  could  provide  a  maximum  of 
50  percent  of  the  furnish  for  book  papers.   Such  a  mill  must  be 
in  conjunction  with  a  softwood  bleached  kraft  or  sulfite  mill. 
Western  Kentucky's  lack  of  softwood  resources  precludes 
establishment  of  a  mill  using  softwoods  exclusively;  thus,  a 
hot  sulfite  operation  must  also  be  eliminated  as  a  possibility. 
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MECHANICAL  PROCESSES 


Groundwood 


The  groundwood  process  forces  roundwood  against  a 
rapidly  revolving  grindstone.   This  process  utilizes  practically 
all  the  wood  in  a  log,  both  cellulose  and  lignin,  with  a 
resultant  yield  of  93-95  percent.   The  chemical  processes,  on  the 
other  hand,  dissolve  the  lignin  to  varying  degrees,  so  that  their 
yield  is  about  one-half  that  of  groundwood. 

Groundwood  is  a  mixture  of  fiber  bundles,  separated 
fibers,  broken  fibers,  and  fine  wood  flour.  Paper  made  from 
groundwood  pulp  is  soft,  bulky,  absorbent  and  opaque,  but  is 
also  weak  and  subject  to  deterioration  with  age.  Paper  made 
from  chemical  pulps  is  stronger,  but  less  absorbent  and  less 
opaque . 

Woods  Used 

The  groundwood  process  uses  chiefly  softwoods. 
Generally,  hardwoods  are  used  only  after  pre-treatment ,  as  in 
the  chemigroundwood  process.   Exceptions  are  aspen,  poplar,  and 
cottonwood . 

Uses  of  Groundwood  Pulp 

The  chief  use  of  mechanical  pulp  is  in  the  production 
of  newsprint;  some  grades  are  suitable  for  specialities  and 
printing  papers.   The  frayed  and  broken  edges  of  groundwood 
pulp  quickly  absorb  the  ink  in  the  high-speed  printing  processes 
of  newspapers,  magazines,  and  similar  publications. 

Groundwood  is  also  used  in  tissue,  toweling,  and 
carton,  container,  building,  and  insulation  board. 

Technical  Applicability  to  Western  Kentucky 

Lack  of  softwood  forest  resources  eliminates  the  study 
area  as  a  site  for  a  groundwood  mill.  The  hardwoods  which  might 
be  pulped  in  such  a  mill  (aspen,  poplar,  and  cottonwood) 
constitute  a  minor  proportion  of  the  area's  wood  resources. 

SUMMARY 

A  preliminary  comparison  of  the  resources  of  the 
Paradise  area  of  Western  Kentucky  and  the  resource  requirements 
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of  the  various  pulping  processes  as  shown  in  Tables  3-2  and  3-3 
indicate  that  the  following  mills  hold  the  greatest  likelihood 
of  proving  to  be  technically  feasible: 

(1)  a  Neutral  sulfite  semichemical  mill  to  produce 
corrugating  medium. 

(2)  A  hardwood  kraft  mill  to  produce  printing  papers 
and  fine  papers. 

(3)  A  mill  to  produce  various  insulation  board  and/or 
hardboard  products.   Several  processes  or 
variations  can  be  used. 

The  detailed  analyses  of  the  study  area's  resources  and 
utilities  are  presented  with  these  three  mill  types  in  mind. 
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Section  4 
WOOD  RESOURCES 


An  ample  supply  of  wood  is  a  prerequisite  for  the 
establishment  of  a  pulp  mill .  The  Western  Kentucky  study  area 
is  heavily  forested  with  hardwoods,  but  is  deficient  in  soft- 
woods, which  account  for  less  than  two  percent  of  the  total 
volume  of  growing  stock  within  a  50-mile  radius  of  Paradise, 
Kentucky . 

HARDWOOD  AVAILABILITY 

The  17-county  area  which  falls  within  a  50-mile  radius 
of  Paradise  will  be  considered  as  the  primary  wood  procurement 
area.   Figure  4-1  shows  this  area.   Estimates  of  1963  total 
volume  of  hardwood  growing  stock,  by  species  and  class  of 
material,  are  presented  in  Table  4-1.   These  estimates  are 
derived  from  a  1949  forest  inventory  study,  the  most  recent  data 
available. *   A  two  percent  net  annual  growth  rate  was  applied  to 
the  1949  figures  to  estimate  the  1963  volume. 

Table  4-2  presents  an  estimated  distribution  of  hard- 
wood growing  stock  by  county.   The  original  data  was  insufficient 
for  a  statistically  valid  estimation  of  volume  by  species  for 
each  county.   A  new  forest  inventory  for  Kentucky  is  now  nearing 
completion,  with  publication  of  the  findings  expected  in  the  fall 
of  1964. 

The  area's  total  volume  of  hardwood  growing  stock  as 

o 

estimated  in  Table  4-1  is  about  16.3  million  cords.    About  30 
percent  of  this  volume,  4.9  million  cords,  consists  of  trees  with 
a  diameter  greater  than  14  inches;  trees  this  large  are  not 
considered  suitable  for  pulping.   Annual  net  growth  of  the 
remaining  11.4  million  cords  is  about  228,000  cords. 

Species  found  in  greatest  abundance  within  the 
procurement  area  include  the  oaks,  41  percent;  hickory,  11  percent; 
beech,  9.5  percent;  sweetgum  and  blackgum,  7.7  percent;  and  soft 
and  sugar  maple,  7.5  percent. 


■"■See  Appendix  A  for  a  detailed  description  of  the 
methodology  employed. 

2 
A  cord  of  wood  is  defined  as  an  orderly  stack  of  any 

dimension  that  gives  a  volume  of  128  cubic  feet. 
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Table  4-1 

ESTIMATED  TOTAL  VOLUME  OF  HARDWOOD  GROWING  STOCK 
BY  SPECIES  AND  CLASS,  17-COUNTY  WOOD 

PROCUREMENT  AREA,  1963 

(Thousands  of  Cords) 


Saw-timber       Pole-timber 

Species 

Total 
2, 229.1 

r 

rrees             Trees 

White  Oak 

1 

,198.7           1,030.4 

Post  Oaks 

944.3 

421.5              522.8 

Chestnut  Oak 

273.4 

125.3              148.1 

Black  Oak 

2 

, 106.3 

1 

,410.1              696.2 

N.  Red  Oak 

821.5 

617.7              203.8 

Other  Red  Oaks 

932.9 

670.9              262.0 

Hickory 

1 

, 947.7 

850.6           1,124.1 

Elm 

721.5 

250.6             470.9 

Soft  Maple 

477  .2 

235.4             241.8 

Sugar  Maple 

549.4 

245.6             303.8 

Sycamore 

298.7 

194.9             103.8 

Ash 

584.8 

262.0              322.8 

Yellow  Poplar 

689.9 

470.9              219.0 

Cottonwood 

150.6 

131.6              19.0 

Sweetgum 

994.9 

491.1              503.8 

Blackgum 

293.7 

125.3              168.4 

Beech 

1 

,012.6 

831.6             181.0 

Black  Walnut 

255.7 

108.9             146.8 

Other  Hardwoods 

988.6 

292.4             692.2 

Total  Hardwoods 

16, 

, 299.8 
100.0 

8 

L935.1           7,364.7 

Percent 

54.8              45.2 

Source:   Estimated 

f: 

com  1949 

data , 

Forest  Statistics  of  Central 

Kentucky,  Central  States  Forest  Experiment  Station, 
June  1950.   Annual  net  growth  rate  of  two  percent  was 
applied  to  the  1949  volume  figures.   See  Appendix  A. 
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Table  4-2 

ESTIMATED  VOLUME  OF  HARDWOODS  BY  COUNTY, 

17 -COUNTY  PROCUREMENT  AREA,  1963 

(Thousands  of  Cords) 


Hardwood 
County  Growing  Stock     Percent 


Breckinridge 

1 

450.7 

8.9 

Butler 

1 

238.8 

7.6 

Christian 

i 

320.3 

8.1 

Daviess 

619.4 

3.8 

Edmonson 

1 

141.0 

7.0 

Grayson 

1 

340.0 

8.0 

Hancock 

521.5 

3.2 

Henderson 

521.6 

3.2 

Hopkins 

1 

630.0 

10.0 

Logan 

1 

043.2 

6.4 

McLean 

440.1 

2.7 

Muhlenberg 

1 

320.3 

8.1 

Ohio 

1 

467.0 

9.0 

Simpson 

179.3 

1  .1 

Todd 

635.7 

3.9 

Warren 

847.5 

5.2 

Webster 

16 

619.4 
299.8 

3.8 

TOTAL 

100.0 

Source:   See  Table  4-1.   See  Appendix  A 
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In  addition  to  growing  stock,  cull  trees  are  quite 
suitable  for  hardwood  pulping.   The  1949  volume  of  cull 
material,  by  species,  is  given  in  Table  4-3.   Using  a  conversion 
factor  of  79  cubic  feet  per  cord,  about  2,700,000  cords  are 
available.   As  cull  trees  are  cut,  the  annual  growth  rate  of 
growing  stock  timber  may  increase  by  as  much  as  50  percent. 

An  increasingly  important  source  of  hardwood  pulpwood 
consists  of  the  chipped  wood  residue  of  sawmills  and  other  forest 
industries.   For  every  1,000,000  board-feet  of  lumber,  500  cords 
of  slabs  and  edgings  may  be  salvaged.   Within  the  17-county  wood 
procurement  area,  about  75,000,000  board-feet  of  lumber  is 
produced  annually.   Wood  residues  should  therefore  provide  about 
37,500  cords  of  hardwood  annually.   Experience  has  shown  that,  if 
a  market  exists,  sawmills  will  install  equipment  to  convert 
residues  to  usable  chips. 

No  hardwood  pulpwood  was  cut  within  the  17-county  area 
in  1962.  A  cut  of  several  hundred  thousand  cords  could  probably 
be  made  each  year. 

Additional  pertinent  data  by  county  is  presented  in 
Table  4-4. 

SOFTWOOD  AVAILABILITY 

Since  the  volume  of  softwoods  within  a  50-mile  radius 
of  Paradise  is  quite  limited,  it  will  be  necessary  to  expand  the 
procurement  area  considerably  to  obtain  sizeable  quantities  of 
pine  suitable  for  pulping.   Three  procurement  areas  could  send 
pine  pulpwood  to  the  Paradise  vicinity  from  shipping  points 
within  100  air-miles  of  Paradise.   Four  larger  procurement  areas 
could  ship  from  within  200  miles  of  Paradise. 

The  first  three  areas  consist  of  (1)  a  natural  pine 
belt  located  within  a  50-mile  radius  of  Paradise,  (2)  a 
plantation  pine  area  comprising  25  counties  of  Western  Kentucky, 
with  an  average  haul  to  Paradise  of  about  60  miles,  and  (3)  a 
plantation  pine  area  within  the  Shawnee  National  Forest  in 
Southern  Illinois,  located  about  100  miles  west  of  Paradise. 
Figure  4-2  shows  the  location  of  these  three  areas  and  the  four 
more-distant  procurement  areas. 

Natural  Pine  Belt  of  Western  Kentucky 

Pine  grows  naturally  in  a  band  10-20  miles  wide  and 
70-75  miles  long,  extending  through  southern  Muhlenberg,  northern 
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Table  4-3 

TOTAL  VOLUME  OF  HARDWOOD  CULL  TREES,  BY  SPECIES, 

17 -COUNTY  PROCUREMENT  AREA,  1949 

(Thousands  of  Cords) 


White  Oak  106 

Post  Oak  234 

Chestnut  Oak  39 

Black  Oak  135 

N.  Red  Oak  18 

Other  Red  Oaks  84 

Hickory  151 

Elm  144 

Soft  Maple  213 

Sugar  Maple  137 

Sycamore  34 

Ash  134 

Yellow  Poplar  95 

Cottonwood  18 

Sweetgum  89 

Blackgum  89 

Beech  673 

Black  Walnut  35 

Other  Hardwoods  248 

TOTAL  2,678 


Source:   Estimated  from  Forest  Statistics  of  Central  Kentucky, 
1950. 


4-6 


d) 

i 

3 

6 

•xs 

CD 

.H    M-l 

S-l 

c 

M     V-l 

03     0 

m 

m 

(D    u 

> 

fe 

rH 

Qj    < 

1 

T3 

c 

1 

u 

C 

M 

O    C 

as 

as 

O    rO 

fc 

rH 

c 

M-l 

e 

as 

0 

rH     m 

r-l 

.h 

0S     rH 

m 

TS 

rN 

+J    TO1 

Cn 

0 
0 

co 
< 

£ 
u 
m 

dland    To 
eage   Woo 

>h 

Cn 

o   u 

H 

o   u 

125 

5  < 

P 

^ 

O 

H 

U 
1 

u 

D 

13 

2 

H 

C    rrj 

W 

2 

H     rH 

W 

u 

£ 

Eh 

« 

^    !h 

2 

(0 

w 

2 

E^ 

> 

03 

W 

w 

w 

H 

CD 

«* 

CO 

!oo 

co 

1 

~ 

W 

<fl 

£ 

■<t 

0^ 
LT) 

5 

CD 

•h    as 

CD 

Cn 

Cn 

U 

Cn 

H 

rH 

o 

< 

M 

as 

Eh 

< 

Eh 

Q 
5 

a 

Q 

< 

Eh 

w 
£ 

w 
r4 

%  In 
Woodland 

O 

P 

CD 

r) 

O 

cj 

>i 

fcn 

c 

5 

O 

-p 

m 

ro 

c* 

C 

cu 

C     rH 

§ 

c^ 

3 

o 

O 

•H    T3 
0 

< 

u 

< 

0 

(n 

-P 
C 

o 
u 

Area 
(Acres)   W 

* 

* 
* 

c£) 

rH 

r* 

CO 

cn 

r- 

v£> 

ro 

\D 

cm 

CO 

-5* 

X) 

en 

r\i 

rH 

m 

X) 

CM 

ro 

o> 

^* 

^ 

r^ 

■nT 

rH 

CO 

in 

LT) 

CjD 

m 

r\i 

LD 

^ 

LD 

Cn 

X) 

^ 

lO 

Cn 

^ 

rH 

r^ 

o 

"=* 

r> 

CM 

n 

>£> 

x> 

CM 

r- 

r~> 

CM 

CO 

^f 

r> 

v£> 

^f 

CO 

rH 

r^ 

r> 

C^ 

rH 

o 

rH 

rH 

r- 

r^ 

r« 

o 

LD 

O 

rH 

o 

rH 

CM 

On] 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r^ 

o> 

VD 

CO 

r- 

uo 

^ 

^ 

O 

m 

rH 

vD 

CTl 

^D    >X> 

CM 

m 

o 

ro 

ro 

CO 

rH 

rH 
rH 

ro 

CO 
CM 

<J) 

CM 

rH 
rH 

cm 

O 

rH 

CM 

CTi    CO 

rH 

rH 

rH 

CO 

rH 

LO 

CO 

^ 

LTl 

ro 

^ 

CO 

CO 

rH 

r- 

ro 

0> 

X) 

■H/ 

r^ 

'H/ 

n 

ro 

O 

LT) 

rH 

LT) 

r- 

CM 

UO 

C^ 

ro 

CM 

■h; 

ro 

CM 

U0 
IT) 

CM 

in 

ro 

LTl 

^ 

CM 

CM 

rH 

cn 

o 

CM 

m 

O 

rH 

^J* 

^ 

X) 

X) 

<# 

OO 

rH 

en 

r^ 

>£> 

O 

^ 

r^ 

LD 

r- 

CSJ 

rH 

^ 

Csl 

■nT 

*£> 

r- 

CO 

<T> 

x> 

rH 

CO 

o 

rH 

t 

CM 

ro 

-Nf 

v£> 

r^ 

lo 

CO 

IT) 

o 

CO 

LTl 

<3- 

•h; 

CO 

0> 

r> 

CO 

r- 

\D 

CO 

r- 

en 

rH 

ro 

m 

U0 

rH 

en 

U0 

^D 

CM 

CO 

>X) 

CM 

CM 

■* 

>X) 

rH 

ro 

LTl 

rH 

m 

"* 

CM 

rH 

en 

rH 

0> 

LT> 

LTl 

CO 

r- 

CO 

CO 

rH 

■h^ 

rH 

ro 

LD 

en 

X) 

CM 

rH 

CO 

LD 

rH 

X) 

CO 

LCI 

X) 

CO 

KD 

r- 

o 

CM 
LTl 

cn 

en 

CO 

o 

rHOLD^tOrHLnOO^rHOCMLnCMr^O 

mnoincTivDMH/rxHininiDcoojvDn 

Cn^rHCMCOCOCnLOCOvOCMrOiXlCMCMLnrH 


rHrH'^'rj.rHLnCnCOrHCMLnLnCO^rHlXlrO 

■H>X)^t,'Hi.rHcor^coOrHCMLncn'H;cncnLn 

COrHCOCMrHCM  OJCMCOrHrHrHrHrHCMrH 


en 

r- 

O 

rH 

\D 

■vf 

ro 

CO 

O 

^* 

stf 

^f 

ro 

«tf 

x> 

X) 

O 

O 

^ 

•^ 

en 

C\J 

rH 

CM 

en 

LD 

o 

'H/ 

00 

rH 

en 

Cxi 

CM 

ro 

cn 
ro 

CM 

rH 

CM 

CM 

en 

CM 

O 

o 

o 

O 

o 

O 

O 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

o 

o 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

O 

O 

O 

O 

o 

O 

o 

o 

o 

o 

CO 

r- 

LO 

ro 

vD 

ro 

ro 

CO 

r- 

UD 

LTl 

■nT 

o 

en 

<tf 

X) 

ro 

<3- 

CsJ 

ro 

yQ 

rH 

ro 

IT) 

LO 

UD 

O 

<tf 

ro 

LD 

rH 

X) 

CO 

x> 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

<tf 

CM 

<tf 

<* 

v£> 

X) 

CO 

O 

O 

CM 

CO 

CO 

■tf 

<D 

<tf 

"^ 

<D 

CM 

LO 

\0 

CM 

LO 

en 

X) 

X) 

CM 

ro 

"sf 

<tf 

^r 

en 

\D 

•h; 

en 

CM 

ro 

*$ 

CO 

•^ 

CO 

cn 

-H 

LO 

O 

«tf 

00 

rH 

CM 

O 

cn 

^D 

vX) 

CO 

<£> 

en 

en 

CM 

rH 

CO 

LiO 

X) 

~£) 

o 

CO 

LTl 

«* 

^ 

rH 

ro 

CM 

^ 

CM 

rH 

ro 

rH 

CM 

ro 

ro 

rH 

ro 

ro 

rH 

CxJ 

ro 

CM 

o* 

^f 


CO 
O 

CO 


CM 


co 
en 
ro 

o 

LD 


ro 


O 
O 
O 

CM 

X) 

uo 


o 

X) 

ro 

ro 
>X> 
CO 

<!t 


a; 

tn 

TJ 

CP 

•H 

C 

c 

rH 

J 

u 

rtl 

C 

0 

CU 

< 

c 

■H 

CO 

O 

c 

,v 

CO 

CO 

M 

G 

Jh 

H 

•H 

H 

+J 

U) 

cn 

0 

u 

r-l 

c 

c 

C 

O 

C 

<D 

O 

X 

a; 

W 

1) 

C 

CO 

0 

<D 

■H 

c 

rri 

<D 

to 

CD 

-P 

H 

u 

rH 

•H 

■H 

o 

>^ 

0 

Ti 

,v 

rO 

0) 

rH 

o 

a  t3 

U 

CO 

(U 

+J 

H 

> 

b 

m 

c 

C 

a 

CJ>   J 

rC 

■rH 

£ 

TS 

H 

rU 

H 

3 

rC 

m 

T! 

u 

cn 

0J 

o 

0 

U 

3 

X 

•H 

O 

fO 

CD 

CQ 

CQ 

U 

P 

W 

o 

ffi 

ffi 

X 

J 

£ 

S 

o 

CO 

Eh 

5 

IS 

U    -H 
CD    T3 


CD 
S 


CO 
CO 

c 

CD 

u 

CD 

rC 

m 

o 

rt) 

CD 

>H 

r^ 

PQ 


CD 
U 
U 

o 

CO 


4-7 


« 


ttj 

0 

0) 

|D 

C 

C 

u 

■H 

•H 

1 

o 

Cm 

Cm 

M" 

CM 

T3 

rH 

<D 

rt 

0 

Q 

■P 

M 

u 

o 

C 

P 

3 

o 

rd 

■P 

fr 

s 

H 

m 

■H 

§H 

Cm 

a 

h 

&4 

o 
w 

< 

H 

w 

EH 

O 

Cm 

1 

in 


W 


#3,1 


4-8 


Todd,  northern  Christian,  southern  Hopkins,  and  eastern  Caldwell 
counties,  as  shown  in  Figure  4-2 

Recent  aerial  and  on-the-ground  observations  indicate 
that  this  area  contains  at  least  3,000  acres  of  natural  pine, 
mostly  young  Virginia  pine,  averaging  8  inches  or  less  in 
diameter.   The  Central  States  Forest  Experiment  Station  has 
estimated  that  1,500  cords  of  pulpwood  could  be  harvested 
annually  from  these  stands. 

Plantation  Pine  Area  of  Western  Kentucky 

Pine  plantations  have  been  established  throughout 
Western  Kentucky.   Within  the  area  shown  in  Figure  4-2,  there 
are  about  18,000  acres  of  pine.   The  plantations  average  about 
2.3  acres  in  size  and  range  in  age  from  1-25  years.   This  area 
could  probably  supply  3,000  cords  of  pulpwood  per  year  at  the 
present  time,  and  about  7,000  cords  per  year  within  five  years. 
Plantations  in  the  adjacent  Tennessee  counties  of  Henry  and 
Benton  could  contribute  an  additional  4-6,000  cords  annually. 
Since  many  of  these  plantations  range  from  1-15  years  in  age, 
pulpwood  harvests  could  increase  considerably  within  the  next 
decade . 

The  total  pine  pulpwood  cut  in  Western  Kentucky 
amounted  to  less  than  1,300  cords  in  1962  (Graves  -  700, 
Hopkins  -  300,  and  Calloway  -  271) . 

Plantation  Pine  Area  of  Southern  Illinois 

The  counties  of  Pope,  Hardin,  Gallatin,  and  Massac, 
which  are  located  within  the  Shawnee  National  Forest,  contain 
40,000  acres  of  planted  pine  and  currently  yield  a  pulpwood 
cut  of  7,000  cords  per  year.   This  harvest  goes  to  the  Tennessee 
River  Pulp  and  Paper  Company  at  Counce,  Tennessee,  which  expects 
that  within  three  or  four  years  their  pine  requirements  can  be 
supplied  from  areas  closer  to  their  mill.  This  volume,  which 
should  increase  to  15,000  cords  within  5  years,  would  then  be 
available  to  a  mill  near  Paradise. 

In  summary,  the  three  areas  located  within  about  100 
air-miles  of  Paradise  could  probably  supply  a  total  of  about 
28,000  cords  of  pine  pulpwood  annually  within  five  years. 

Additional  pine  could  be  procured  from  four  areas  which 
fall  within  a  radius  of  about  200  air-miles  from  Paradise.  These 
areas,  shown  in  Figure  4-2,  will  be  referred  to  as  (1)  the 
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Cumberland  Plateau  of  Tennessee,  (2)  the  Middle  Tennessee  Valley, 
(3)  the  Eastern  Ozarks  of  Missouri, and  (4)  the  Southeast 
Kentucky  districts. 

Cumberland  Plateau  of  Tennessee 

This  district  consists  of  six  counties  in  northeastern 
Tennessee  totaling  3,151  square  miles  in  area.   A  forest 
inventory  completed  in  1961  indicates  the  softwood  volume  to  be 
about  3,300,000  cords  (see  Table  4-5).   Pulpwood  cut  in  1962 
amounted  to  27,300  cords,  or  0.8  percent  of  growing  stock.   Most 
of  this  production  was  taken  by  the  Bowaters  Mill  at  Calhoun, 
Tennessee.   The  total  cut  (saw-timber  and  pulpwood)  was  less  than 
three  percent  for  Fentress,  Overton  and  Scott  counties.   Assuming 
that  annual  growth  is  about  5  percent,  that  a  three  percent  cut 
is  not  excessive,  and  that  this  figure  could  be  attained  by 
increasing  the  pulpwood  harvest,  these  three  counties  could  supply 
18-20,000  cords  of  pine  pulpwood  to  a  mill  in  the  Paradise  area. 
Projections  indicate  that  this  amount  could  increase  substantially 
during  the  next  decade. 


Table  4-5 

SOFTWOOD  RESOURCES  AND  PULPWOOD  PRODUCTION 

CUMBERLAND  PLATEAU  OF  TENNESSEE 

(Thousands  of  Cords) 

Pulpwood  Production 


County 

Campbell 

Cumberland 

Fentress 

Morgan 

Overton 

Scott 


%   of 

Growing  Stock 

Volume 

Growing  Stock 

503.8 

3.3 

0.7 

316.5 

9.0 

2.8 

775.9 

4.1 

0.5 

565.8 

6.3 

1.1 

443.0 

0.0 

0.0 

689.9 

4.6 

0.6 

TOTAL  3,295.9  27.3  0.8 


Source:   Tennessee  Forests,  Southern  Forest  Experiment  Station, 
1962.   Volume  data  is  1961,  pulpwood  production  1962. 
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Middle  Tennessee  Valley 

This  district  includes  four  counties  in  southwestern 
Tennessee,  four  counties  in  extreme  northeastern  Mississippi,  and 
ten  counties  in  northern  Alabama.   It  covers  10,939  square  miles 
and  contains  about  5,101,300  cords  of  softwood  growing  stock 
(see  Table  4-6).   Pulpwood  cut  in  1962  amounted  to  106,000  cords, 
going  mainly  to  the  Tennessee  River  Mill  at  Counce,  Tennessee. 
Two  Alabama  mills  also  procure  pine  in  this  district. 

It  should  be  noted  in  Table  4-6  that  growing  stock 
volume  figures  for  the  Mississippi  and  Alabama  counties  represent 
1958  and  1951-53  data,  respectively.   Since  no  recent  data 
regarding  growing  stock  volume  and  total  cut  are  available,  it  is 
difficult  to  determine  whether  the  pulpwood  cut  could  be  increased 
significantly.   Due  to  a  rapidly  expanding  reforestation  program 
within  the  Tennessee  Valley,  however,  indications  are  that  by 
1965  or  1970  the  considerable  area  in  softwood  plantations  will 
have  matured  sufficiently  to  contribute  significantly  to  a  mill 
in  the  Paradise  area. 

Eastern  Ozarks  of  Missouri 


This  district,  which  encompasses  14  counties  in  the 
southeastern  quarter  of  Missouri,  occupies  a  land  area  of  9,610 
square  miles.   The  area  is  70  percent  forested,  and  softwoods 
account  for  a  growing  stock  volume  of  over  3,000,000  cords  (see 
Table  4-7).   About  97  percent  of  this  volume,  2,923,000  cords,  is 
shortleaf  pine,  with  about  2,600,000  cords  of  pulpwood  size.   The 
Uo  S,  Forest  Service  has  estimated  the  desirable  annual  pine  cut 
of  pulpwood  size  trees  at  34,000  cords.   Since  there  would  be 
competition  from  other  pine-using  industries,  for  the  larger  trees, 
it  is  assumed  that  about  25,000  cords  of  pine  pulpwood  would  be 
available  to  a  mill  near  Paradise.   The  1961  pulpwood  cut  of 
both  softwoods  and  hardwoods  was  less  than  1,000  cords. 

Southeast  Kentucky 

This  district,  located  in  the  heart  of  Kentucky's  most 
productive  timber-growing  area,  includes  12  counties  with  a 
total  land  area  of  4,334  square  miles.   A  preliminary  report  of 
the  current  forest  inventory  being  conducted  in  Kentucky 
indicates  a  1963  softwood  volume  of  2,930,800  cords  (see  Table 
4-0) „   Of  this  amount,  about  2,518,000  cords  is  shortleaf  and 
other  yellow  pine  and  368,000  cords  is  hemlock.   Almost  35 
percent  of  the  volume  exceeds  14  inches  in  diameter;  the 
remaining  pulpwood  size  pine  accounts  for  1,650,000  cords. 
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Table  4-6 

SOFTWOOD  RESOURCES  AND  PULPWOOD  PRODUCTION 

MIDDLE  TENNESSEE  VALLEY 

(Thousands  of  Cords) 


Pulpwood  Production 


%  of 

County 
Tennessee 

Growing  Stock 

Volume 

Growing  Stock 

Hardin 

386.1 

7.0 

1.8 

Chester 

75.9 

2.8 

3.7 

McNairy 

426.6 

8.6 

2.0 

Wayne 

116.5 

0.1 

0.1 

.  2 
Mississippi 

Alcorn 

121.5 

6.4 

5.3 

Benton 

274.7 

1.9 

0.7 

Tippah 

186.1 

10.1 

5.4 

Tishomingo 

496.2 

17.3 

3.5 

Alabama 

Colbert 

205.1 

4.6 

2.2 

De  Kalb 

524.1 

13.3 

2.5 

Franklin 

165.8 

8.6 

5.2 

Jackson 

515.2 

5.2 

1.0 

Lauderdale 

32.9 

1.2 

3.6 

Lawrence 

640.5 

0.5 

0.1 

Limestone 

27.8 

2.7 

9.7 

Madison 

130.4 

1.8 

1.4 

Marshall 

540.5 

12.2 

2.3 

Morgan 

235.4 

1.7 

0.7 

TOTAL 

5,101.3 

106.0 

2.1 

Tennessee  Forests,  Southern  Forest  Experiment 
Station,  1962.   Growing  stock  data  in  1961,  production  1962, 

2 
Mississippi  Forests,  Southern  Forest  Experiment 

Station,  1958.   Growing  stock  volume  is  1957  data;  pulpwood 

production  is  1962. 

Forest  Statistics  for  Alabama,  Southern  Forest 
Experiment  Station,  1953.   Growing  stock  is  1951-1953  data; 
pulpwood  production  is  1962. 
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Table  4-7 

SOFTWOOD  RESOURCES 

EASTERN  OZARKS  OF  MISSOURI 

(Thousands  of  Cords) 

County  Growing  Stock 

Bollinger  69.8 

Butler  152.6 

Carter  294.1 

Crawford  120.4 

Dent  182.1 

Iron  204.8 

Madison  145.1 

Oregon  287.7 

Reynolds  283.7 

Ripley  268.3 

St.  Francois  49.8 

Shannon  352.3 

Washington  262.6 

Wayne  330.7 

TOTAL  3,004.0 


Source:    Mendel,  J.  J.,  Timber  Resources  of  the  Eastern  Ozarks, 
U.  S.  Forest  Service  and  University  of  Missouri 
Agricultural  Experiment  Station,  1961.   Data  is  1959. 
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Table  4-8 

SOFTWOOD  RESOURCES  AND  PULPWOOD  PRODUCTION 
SOUTHEAST  KENTUCKY 


(Thousa 

nds  of 

Cords) 

Pulpwood 

Production 

%  of 

Growinq  Stock 

Volume 

Growinq  Stock 

Bell 

164.6 

0.0 

0.0 

Breathitt 

235.3 

0.0 

0.0 

Clay 

204.9 

0.0 

0.0 

Estill 

113.2 

0.0 

0.0 

Jackson 

194.0 

0.0 

0.0 

Knox 

145.4 

0.0 

0.0 

Laurel 

293.6 

2.7 

0.9 

Lee 

102.3 

0.0 

0.0 

McCreary 

938.3 

6.8 

0.7 

Owsley 

78.7 

0.0 

0.0 

Rockcastle 

137.0 

0.0 

0.0 

Whitley 

323.5 

7.7 

2.4 

TOTAL 

2,930.8 

17.2 

0.6 

Source:   Gransner,  D.A.,  Hiqhliqhts,  Timber  Resources  of  the 
Southern  Cumberland  Region,  Kentucky,  U.  S.  Central 
States  Forest  Experiment  Station,  1962.   Growing  Stock 
is  1963  data;  pulpwood  cut  is  1962. 


Pine  pulpwood  was  taken  only  from  Laurel,  McCreary, 
and  Whitley  counties  in  1962,  with  a  total  cut  of  17, 200  cords 
going  to  the  Bowaters  Mill  at  Calhoun.   These  three  counties, 
however,  account  for  over  one-half  of  the  area's  total  pine 
volume.   The  volume  of  softwood  growing  stock  did  not  increase 
in  this  area  as  a  whole  during  the  period  1949-1963,  due  to  cut 
exceeding  growth  in  some  counties.   However,  in  other  counties 
growth  substantially  exceeded  cut,  and  in  these  counties  it  is 
estimated  that  a  pulpwood  cut  amounting  to  1  percent  of  growing 
stock  could  be  made.   Such  a  cut  would  contribute  about  14,000 
cords  of  pine  to  a  mill  near  Paradise. 

It  is  likely  that,  as  pine  volume  increases  in 
Tennessee,  Bowaters  will  reduce  its  buying  in  Southeast  Kentucky, 
making  available  several  thousand  additional  cords.   Additional 
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pine  could  also  be  obtained  from  Russell,  Wayne,  Pulaski,  and 
possibly  other  counties  immediately  to  the  southwest  of  the 
Southeast  Kentucky  district.   Recent  pine  volume  data  is  not 
available  for  these  counties,  but  in  1962  Bowaters  took  almost 
1,700  cords  from  Wayne  and  Pulaski. 

Within  a  few  years,  the  Southeast  Kentucky  district 
and  a  few  neighboring  counties  could  probably  supply  20,000 
cords  of  pine. 

Table  4-9  summarizes  the  availability  of  pine  pulp- 
wood  from  the  7  procurement  areas. 


Table  4-9 

PINE  PULPWOOD  AVAILABLE*  TO  A 
MILL  NEAR  PARADISE,  KENTUCKY 

Procurement  Area  Cords  Per  Year 


W.  Kentucky  Natural  Pine 
W.  Kentucky  Plantation  Pine 
S.  Illinois  Plantation  Pine 
Cumberland  Plateau  of  Tennessee 
Middle  Tenessee  Valley 
Eastern  Ozarks  of  Missouri 
Southeast  Kentucky 


1, 

500 

12, 

000 

15 

000 

18, 

000 

6 

000 

25 

000 

16, 

000 

TOTAL  8  5, 500 


*Within  5  years 


PULPWOOD  PRICES 

Contact  with  a  pulpwood  dealer  who  operates  with  the 
17-county  hardwood  procurement  area  indicates  that  hardwood 
roundwood  could  be  obtained  at  a  price  of  $12.00  per  cord  if 
delivered  within  25  miles  of  the  mill.   The  price  would  increase 
somewhat  with  distance. 

The  1962  price  of  pine  roundwood  delivered  to  a 
loading  point  averaged  $15.20  per  cord  in  the  Mid-South.   The 
price  F.O.B.  rail  car  appears  to  be  about  $15.75.   The  cost  of 
pine  delivered  to  a  mill  in  the  Paradise  area  would  be  the 


4-15 


latter  figure  plus  the  transportation  cost.   Estimated  costs  of 
shipping  pulpwood  from  five  procurement  areas  to  Paradise  are 
shown  in  Table  4-10. 

Pulp  mills  seldom  incur  transportation  costs  in  excess 
of  $5.00  per  cord.   The  rates  from  three  of  the  pine  procurement 
areas  substantially  exceed  this  figure.   Delivered  costs  would 
range  from  $19.64  (Southern  Illinois)  and  $20.77  (Middle 
Tennessee  Valley)  to  $24.75  (Eastern  Ozarks). 


Table  4-10 

ESTIMATED  TRANSPORTATION  RATES  ON  PULPWOOD  AND 
CHIPS  FROM  FIVE  PINE  PROCUREMENT 
AREAS  TO  PARADISE,  KENTUCKY 


(Dollars  per  cord) 


Procurement  Area 

Eastern  Ozarks 
Cumberland  Plateau 
Middle  Tenn.  Valley 
Southeast  Kentucky 
Southern  Illinois 


1 

Truck- 

Point  of  Origin 

Rail 

Barge 

Barge 

Poplar  Bluff,  Mo. 

9.00 

11.59 

Harriman,  Tenn. 

7.62 

8.34 

Florence,  Ala. 

5.02 

5.06 

London,  Ky . 

5.90 

Shawneetown,  111 . 

3.89 

Estimate  based  on  $.004  per  ton-mile;  1  cord  =  5,000 


pounds 


Truck  from  Poplar  Bluff  to  Cairo,  Illinois,  at  $.30  per 
truck-mile  and  15-ton  load  =  $7.90  per  cord.   Barge  from  Cairo  at 
$.005  per  ton-mile  =  $3.69  per  cord.   Transfer  cost  not  included 
in  estimate. 

Source:   Navigation  Economics  Branch,  Tennessee  Valley  Authority; 
Louisville  and  Nashville  Railroad. 


The  Western  Kentucky  natural  and  plantation  pine  could 
probably  be  obtained  at  a  cost  of  $17.75  per  cord  trucked  to  the 
mill. 
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WOOD  REQUIREMENTS 

Wood  requirements  for  the  following  types  of  mills 
will  be  considered:   (1)  a  250-ton  neutral  sulfite  semichemical 
mill,  (2)  a  300-ton  kraft  mill  using  hardwoods  only,  with  the 
long-fiber  requirements  met  by  purchasing  softwood  kraft  pulp, 
(3)  a  300-ton  mill  pulping  both  hardwoods  and  softwoods,  with 
pine  obtained  chiefly  from  the  seven  pine-producing  areas 
discussed  above,  and  (4)  a  100-ton  hardboard  -  insulation  board 
mill  using  hardwoods  only.   The  capacity  figures  represent  the 
minimum  economical  mill  size. 

NSSC  Mill 

The  wood  requirements  of  this  type  of  mill  approximate 
one  cord  per  ton  of  pulp  produced.   A  250-ton  mill  would  there- 
fore need  250  cords  per  day  and,  on  the  basis  of  330  operating 
days,  82,500  cords  per  year:   This  amount  could  be  obtained 
easily  within  the  50-mile  procurement  radius.  Delivered  cost 
should  not  exceed  $12.50  per  cord,  and  average  cost  probably 
would  be  held  close  to  $12.00. 

Kraft  Mill  -  Hardwoods  Only 

A  kraft  mill  consumes  about  two  cords  of  wood  per  ton 
of  pulp.   A  300-ton  mill  would  need  600  cords  per  day  or  198,000 
cords  per  year  (330  operating  days) .  This  requirement  could  be 
met  within  the  50-mile  radius,  probably  at  an  average  price  not 
exceeding  $12.50. 

Kraft  Mill  -  Hardwoods  and  Softwoods 

It  is  assumed  that  a  mill  of  this  type  would  have  a 
furnish  consisting  of  60  percent  hardwoods  and  40  percent  soft- 
woods, with  daily  requirements  of  360  cords  of  hardwoods  and  240 
cords  of  softwoods .   The  hardwood  requirements  would  amount  to 
118,800  cords  per  year,  and  could  be  met  within  the  50-mile 
radius  at  an  average  delivered  price  of  perhaps  $12.25. 

The  softwood  requirements  would  amount  to  79,200  cords 
annually.   Referring  to  Table  4-9,  an  aggressive  procurement 
program  would  be  necessary  to  obtain  this  amount.  The  delivered 
price  of  this  pulpwood  would  be  considered  prohibitive   for  a 
mill  pulping  softwoods  only.   However,  it  is  possible  that  a 
company  with  a  lack  of  softwood  pulp  production  would  prefer  to 
pulp  both  hardwoods  and  softwoods  rather  than  purchase  market 
kraft  pulp. 
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Hardboard  -  Insulation  Board  Mill 

A  100-ton  "coarse-fiber"  process  mill  producing  board 
of  this  type  would  require  about  100  cords  of  hardwoods  per  day, 
or  33,000  cords  annually.   This  wood  could  be  supplied  within  a 
25-mile  radius  at  a  price  of  $12.00  per  cord.   Sawmill  residues 
could  probably  supply  most  of  the  raw  material . 

A  mill  of  this  type  could  probably  utilize  a  high 
proportion  of  low-density  or  "soft"  hardwoods.   About  680,000 
cords  of  the  cull  tree  material  in  the  17-county  procurement 
area  consists  of  soft  hardwoods  (elm,  soft  maple,  sycamore, 
yellow  poplar,  cottonwood,  sweetgum,  and  blackgum) .   An 
additional  3,626,500  cords  is  in  growing  stock,  and  has  a  net 
annual  growth  of  about  72,530  cords. 
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Section  5 
WATER  AVAILABILITY  AND  CHARACTERISTICS 


Sufficient  water  of  acceptable  quality  is  prerequisite 
for  a  successful  pulp  and  paper  mill.   Water  supply  is  determined 
by  climatic,  topographic,  and  geologic  factors,  which  in  turn 
affect  surface  runoff,  stream  flow,  water  temperatures,  and  the 
dissolved  oxygen,  mineral,  and  chemical  content. 

Kentucky's  climate  is  temperate  without  prolonged 
extremes  of  temperature  and  humidity.   Mid-winter  days  average 
32°F  in  the  northern  sections  and  40  F  in  the  southern.   Mid- 
summer days  average  74  F  in  the  cooler  uplands  and  79  F  in  the 
lowlands  and  southern  areas. 

Total  precipitation  is  38-40  inches  along  the  upper 
portion  of  the  Ohio  River  Valley  and  increases  to  50  inches  and 
more  in  the  south-central  part  of  the  state.   Late  summer  is 
normally  the  driest  part  of  the  year  with  the  possibility  of 
drought.   About  half  of  the  annual  rainfall  occurs  during  April 
through  September. 

SURFACE  WATER  AVAILABILITY 

As  a  preliminary  analysis,  discharge  rates  were  tabu- 
lated for  the  seven  rivers  in  western  Kentucky  flowing  through 
and  bordering  on  the  eight-county  study  area.   Monthly  average 
discharge  rates  for  these  rivers  are  presented  in  Table  5-1. 
Figure  5-1  indicates  the  location  of  the  gaging  stations.   Av- 
erage discharge  rates,  while  not  significant  in  terms  of  pro- 
viding parameters  for  maximum  allowable  continuous  water  use, 
are  indicative  of  the  total  supply  available. 

All  rivers  within  the  area  except  the  Tradewater  are 
tributaries  of  the  Green,  and  all  have  discharge  rates  much  lower 
than  that  of  the  Green.   Although  the  location  of  a  pulp  and 
paper  mill  on  one  or  more  of  these  smaller  streams  might  be  tech- 
nically possible,  the  Green  River  offers  a  decided  locational 
advantage  in  terms  of  its  much  greater  volume  of  flow   downstream 
from  the  junction  with  the  Barren  River,  which  contributes  a 
significant  volume  of  flow.   Only  the  limited  discharge  of  the 
Mud  River  and  a  number  of  small  creeks  is  added  to  the  Green 
below  its  juncture  with  the  Barren  and  within  the  eight-county 
study  area. 
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From  the  standpoint  of  water  availability,  the  best  mill 
sites  are  on  the  Green  River  below  the  junction  with  the  Barren. 
Stream  discharge  records  and  water  quality  analysis  are  available 
for  two  locations  on  this  portion  of  the  Green  River  within  the 
study  area,  one  at  lock  4  at  Woodbury  near  the  junction  with  the 
Barren,  and  the  other  at  Paradise,  or  "Green  River"  as  the  gaging 
station  was  earlier  known. 

STREAM  DISCHARGE 

Most  problems  involving  surface  water  availability  are 
a  matter  of  annual  flow  distribution.   Stream  flow  varies  con- 
siderably from  day  to  day,  month  to  month,  and  year  to  year. 
Generally,  the  adequacy  of  stream  flow  is  determined  by  the  re- 
sults of  low-flow  analysis,  not  by  mean  annual  discharge  rates. 
Because  of  the  great  variation  in  stream  flow,  both  the  average 
flow  during  periods  of  low  water  and  the  frequency  with  which 
these  periods  occur  must  be  taken  into  account.   The  longer  the 
period  of  record,  the  more  reliable  the  results  of  a  low-flow 
analysis  will  be.   Table  5-2  lists  minimum  discharges  during 
various  drought  periods  at  a  number  of  locations  on  the  Green 
River  and  its  tributaries. 

Winter  floods  are  widespread  in  Kentucky  and  may  result 
from  accelerated  runoff  due  to  saturated  or  frozen  ground  or 
from  accumulated  snow.   Maximum  flood  stages  and  discharges  for 
a  number  of  stations  in  the  Green  River  basin  are  listed  in 
Table  5-3.   In  order  to  determine  the  contour  reached  by  a  maxi- 
mum flood  level,  it  is  necessary  to  add  the  maximum  flood  stage 
to  the  elevation  of  gage  zero  as  given  in  the  table. 

Construction  is  currently  underway  or  completed  on 
three  dams  and  reservoirs  located  on  the  upper  reaches  of  the 
Green  River  and  its  tributaries  (see  Figure  5-1) .   The  Nolin 
Reservoir,  with  dam  located  north  of  Brownsville,  Kentucky,  has 
been  completed.   Construction  is  currently  underway  on  the 
Barren  River  Reservoir,  with  dam  to  be  located  near  Meador,  and 
on  the  Green  River  Reservoir,  with  dam  location  near  Coburg, 
Kentucky.   The  U.  S.  Army  Engineer  District,  Louisville,  esti- 
mates that  with  the  completion  of  these  dams  in  late  1965  or  1966 
a  firm  flow  of  1300  cubic  feet  per  second  (cfs)  can  be  maintained 
from  April  through  November  in  the  vicinity  of  the  proposed  plant 
sites.   Lowest  flows  generally  occur  during  the  months  of  August, 
September,  and  October.   An  increase  in  minimum  flows  from  their 
present  levels  to  1300  cfs  would  result  in  a  significant  overall 
improvement  in  the  water  availability  situation  in  the  vicinity 
of  the  proposed  plant  sites.   It  should  be  understood,  however, 
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that  the  flow  of  1300  cfs  may  be  reduced  at  times  if  it  is 
decided  that  use  of  the  water  could  be  optimized  in  some  other 
way,  such  as  maintaining  reservoirs  at  higher  levels  for  recre- 
ational purposes.   By  the  same  token,  the  needs  of  a  pulp  and 
paper  mill  on  the  Green  River  would  be  a  factor  in  determining 
optimum  water  use. 

Flood  control  operation  of  these  reservoirs,  critical 
to  plant  site  selection,  will  lower  flood  levels  by  several  feet 
in  the  vicinity  of  the  proposed  sites.   The  highest  flood  on 
record  reached  the  412.3  foot  contour  in  1937,   The  Corps  of 
Engineers  estimates  that  a  similar  flood  could  be  held  to  409.5 
feet  after  completion  of  the  dams,  and  that  the  flood  of  1913 
and  1950,  which  reached  405.4  and  402.1  feet,  could  have  been 
reduced  by  4.3  and  5.5  feet  respectively. 

Water  requirements  for  various  pulping  processes  are 
presented  in  Table  5-4. 

Table  5-4 

WATER  REQUIREMENTS  FOR  SELECTED  PULPING  PROCESSES 

Gallons  fresh  water  per  ton  of  pulp* 
Process  Maximum  Minimum 

Kraft  and  soda  (unbleached)        88,500  33,000 

Kraft  and  soda  (bleached)         144,500  39,500 

Sulfite  (unbleached)  79,000  8,300 

Sulfite  (bleached)  126,300  8,300 

Groundwood  (unbleached)  69,000  1,000 

Groundwood  (bleached)  92,400  1,000 

Semichemical  (unbleached)  12,400  6,980 

Semichemical  (bleached)  30,000  12,960 

*The  figures  are  for  mills  integrated  with  paper  manufacture. 

SOURCE:   Pulp  Manufacturing  Information,  Forest  Products 
Laboratory,  July  1962. 


Assuming  a  minimum  discharge  rate  of  1300  cfs  for  the 
Green  River,  the  minimum  flow  available  to  a  pulp  and  paper  mill 
would  approximate  585,000  gallons  per  minute.   This  figure  may 
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be  compared  with  the  maximum  requirements  for  a  bleached  kraft 
mill  of  300  tons  daily  capacity  -  30,000  gallons  per  minute. 
The  Green's  volume  of  flow  should  be  more  than  ample  for  pulp 
and  paper  manufacturing. 

GROUND  WATER  AVAILABILITY  AND  CHARACTERISTICS 

Ground  water  availability  is  primarily  dependent  upon 
geologic  structure.   The  Western  Coal  Field  region,  in  which  the 
proposed  plant  sites  lie,  is  part  of  a  structural  basin  that  ex- 
tends northward  into  Illinois  and  Indiana.   Underlying  formations 
are  chiefly  sandstones,  conglomerates,  shales,  and  coals.   The 
extensive  valleys  of  the  major  streams,  including  the  Green  and 
its  tributaries,  were  carved  in  weak  shales  and  were  later  filled 
with  sediments  during  the  glacial  period. 

Aquifers  in  the  study  area  consist  mainly  of  sandstone 
and  siltstone.   Most  wells  are  classed  as  yielding  enough  water 
for  domestic  use,  but  under  100  gallons  per  minute.   During  the 
period  1957-1959,  16.4  percent  of  all  water  used  in  the  Western 
Coal  Field  region  consisted  of  ground  water.   Of  this  amount, 
84.1  percent  was  used  for  industrial  purposes.   This  was  equiva- 
lent to  13,149  gallons  per  day.   Table  5-5  indicates  the  location 
ownership,  source,  storage  facilities,  treatment,  and  distribu- 
tion for  a  number  of  ground  water  sources  in  Muhlenberg,  Ohio, 
and  Butler  counties.   The  quality  and  quantity  of  ground  water 
available  at  other  locations  would  have  to  be  determined  by  on- 
site  drilling  and  testing. 

WATER  QUALITY 

Water  quality  characteristics  ol  the  Green  River  near 
Paradise  appear  in  Table  5-6.   The  period  of  record  for  the 
quality  tests  appears  at  the  foot  of  each  monthly  column;  the 
water  discharge  records  were  made  over  a  much  longer  period  of 
time,  from  1939  to  1950  and  in  1960  and  1961.   Chemical  and 
mineral  constituents  usually  considered  significant  in  pulp  and 
paper  manufacturing  are  included  in  the  table.   In  some  cases  a 
particular  characteristic,  although  important,  is  not  in  the 
table  because  the  analysis  did  not  include  the  item. 

Water  quality  requirements  for  various  types  of  papers, 
as  specified  by  the  Technical  Association  of  the  Pulp  and  Paper 
Industry  (TAPPI),  are  shown  in  Table  5-7. 
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The  diversity  of  pulp  and  paper  manufacturing  processes 
and  modern  methods  of  water  treatment  have,  to  a  great  degree, 
modified  and  moderated  standards  that  have  been  applied  in  the 
past.   A  wide  variety  of  sources  of  water  can  be  made  suitable 
for  pulp  and  paper  manufacture  and  standards  may  be  somewhat  lower 
in  the  manufacture  of  pulp  than  of  paper.   For  these  reasons  it 
is  not  necessary  to  interpret  the  TAPPI  water  quality  specifica- 
tions too  rigidly.   Types  of  water  conditioning  and  treatment 
often  include  coagulation,  settling,  and  filtration  to  remove 
color  turbidity,  iron,  and  manganese.   Chlorine  is  often  used  to 
combat  microorganisms.   Aeration,  neutralization,  and  degasifi- 
cation  are  employed  to  lower  carbon  dioxide  content  and  hydrogen 
sulfide . 

It  appears  that  even  unfiltered  and  untreated  the  water 
quality  of  the  Green  River  is,  in  most  respects,  acceptable  for 
use  in  the  manufacture  of  all  but  fine  grades  of  paper;  however, 
the  stream  generally  ranges  from  moderately  hard  to  hard  in  cal- 
cium content.   One  or  more  of  the  above  treatments  would  probably 
be  necessary  to  lower  calcium  hardness,  alkalinity,  total  dis- 
solved solids,  and  turbidity  before  the  manufacture  of  fine 
papers  could  take  place  on  a  large  scale  at  Paradise.   Although 
the  period  of  record  is  too  brief  to  substantiate  any  long  term 
trend,  hardness  has  decreased  markedly  over  the  recording  period. 

The  concentration  of  chlorides,  caused  by  upstream  oil 
well  activity,  has  also  been  reduced  substantially  since  the 
data  in  Table  5-6  were  collected.   The  Kentucky  Water  Pollution 
Control  Commission  reports  that  the  concentration  of  chlorides 
rarely  exceeds  125  parts  per  million  (ppm)  at  the  present  time 
and  is  usually  much  lower.   Chlorides  tend  to  act  as  a  corrosive 
agent  on  stainless  steel  pulp  and  paper  manufacturing  equipment. 
Specific  tests  would  have  to  be  conducted  to  determine  if  the 
concentration  and  nature  of  the  chlorides  in  the  Green  River 
would  be  harmful. 
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Section  6 
PULP  MILL  EFFLUENT  AND  STREAM  POLLUTION 


The  major  stream  pollution  problems  in  the  pulp  and 
paper  industry  are  (1)  suspended  solids  removal,  (2)  bio- 
chemical oxygen  demand  (BOD)  reduction,  and  (3)  color  removal. 

SUSPENDED  SOLIDS 

Suspended  solids  can  interfere  with  downstream  uses, 
settle  on  the  stream  bottom  and  reduce  dissolved  oxygen  levels, 
and  float  in  unsightly  masses  on  the  water  surface.   The  re- 
moval of  suspended  solids  from  pulp  and  papermill  effluents 
has  received  more  attention  than  any  other  phase  of  stream  pol- 
lution control. 

BIOCHEMICAL  OXYGEN  DEMAND 

The  oxygen-consuming  properties  of  pulp  and  paper 
mill  effluents  arise  from  the  fact  that  wood,  the  basic  raw 
material,  is  organic  in  nature.  The  residues  from  the  pulping 
processes  and  wastes  from  the  paper  machines  are  subject  to 
decomposition  by  microorganisms.  The  oxygen  required  by  bac- 
teria for  the  breakdown  of  organic  matter  is  referred  to  as 
the  biochemical  oxygen  demand  (BOD) . 

The  discharge  of  wastes  containing  BOD  into  streams 
presents  problems  for  several  reasons.   In  pure  water,  only 
about  8  parts  of  oxygen  may  be  dissolved  in  one  million  parts 
of  water  at  summer  temperatures.   If  this  low  initial  concen- 
tration is  reduced  by  much  more  than  about  50  percent  the 
aquatic  environment  may  be  affected;  at  levels  lower  than 
3  ppm,  fish  mortality  may  occur,  and  the  foul  odors  of  anerobic 
decomposition  develop. 

Pulp  and  paper  mill  effluents  vary  considerably  in 
BOD  content,  color  content,  suspended  solids  concentration, 
and  volume,  according  to  the  type  of  process  employed.   In 
addition,  the  effluent  from  the  pulping  process,  known  as  di- 
gester "black  liquor",  is  generally  much  higher  in  BOD,  color, 
and  suspended  solids  concentration  than  the  effluent  from  the 
paper  making  process,  known  as  "white  water".   Table  6-1  rep- 
resents comparative  BOD  properties  for  the  effluent  of  various 
pulping  processes. 
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Table  6-1 

BIOCHEMICAL  OXYGEN  DEMAND 

VALUES  FOR  SELECTED  PULP  MILL  EFFLUENTS 

Process  Approximate  BOD 

Groundwood  3-8 

Kraft  55-70 

Cold  soda2  50-100 

Neutral  sulfite  semichemical  125-275 

Sulfite2  400-600 

3 
Municipal  sewage  167 

In  pounds  of  oxygen  per  ton  of  pulp,  unless  other- 
wise noted.   The  lower  value  for  the  chemical  and 
semi-chemical  processes  is  for  unbleached  pulp;  the 
higher  value  is  for  the  bleachable  grade. 

2 

Without  chemical  recovery. 

^Per  1,000  persons. 

SOURCE:   Pulp  Manufacturing  Information,  Forest 
Products  Laboratory,  July  1962. 


The  variations  in  effluent  properties  may  be  illus- 
trated by  comparing  the  kraft  and  neutral  sulfite  semichemical 
processes.   Kraft  BOD  per  ton  of  pulp  is  considerably  lower 
than  for  the  semichemical  process,  but  the  volume  of  kraft 
effluent  is  much  higher.   In  the  case  of  a  semichemical  mill, 
the  pulping  black  liquors  contain  the  bulk  of  potential  stream 
pollutants,  and  if  black  liquors  are  not  allowed  to  enter 
streams ,  pollution  problems  are  reduced  considerably.   On  the 
other  hand,  the  modern  kraft  mill  normally  reprocesses  its 
black  liquor  for  chemical  recovery  and  re-use,  but  the  volume 
of  white  water  from  the  kraft  process  is  so  great  that  pollution 
problems  are  still  substantial. 

COLOR 

Although  treatment  of  mill  effluent  for  suspended 
solids  and  BOD  removal  is  quite  common  today,  the  color  charac- 
teristics of  the  effluent  usually  remain  unchanged.   The  brown 
color  of  pulping  effluents  is  due  to  the  presence  of  lignin 
and  tannins  dissolved  from  the  wood  during  digestion  and  bleach- 
ing.  The  persistence  of  color  downstream  in  receiving  waters  is 
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due  to  resistance  of  these  compounds  to  microbiological  degrada- 
tion.  The  U.  S.  Public  Health  Service  drinking  water  standards 
set  a  maximum  of  20  color  units  for  potable  water.   Allowable 
maximums  for  process  water  for  textiles,  fine  paper,  pharmaceu- 
ticals, and  soft  drinks  range  from  0  to  5  units. 

WATER  REQUIREMENTS 

In  evaluating  a  new  mill  site,  the  disposition  of 
spent  process  waters  must  be  considered  on  the  same  plane  as 
the  availability  of  raw  materials,  transportation,  and  other 
utilities  required  for  profitable  manufacturing.   Surface  water 
usage  for  all  purposes  is  rapidly  increasing  and  waste  assimil- 
ation capacity  is  one  of  the  most  important  properties  of  water 
resources.   Waste  assimilation  capacity  is  largely  a  function 
of  stream  temperature,  stream  discharge  rate,  and  dissolved 
oxygen  content  of  the  receiving  waters. 

Temperature  of  the  receiving  water  is  of  primary 
importance  because  it  plays  a  triple  role,  affecting  the  rate 
of  stabilization  of  organic  matter,  the  dissolved  oxygen  satu- 
ration capacity  of  the  water,  and  the  rate  of  reaeration.   As 
temperature  rises,  the  rate  of  oxidation  of  organic  matter 
increases,  thereby  increasing  the  demand  upon  dissolved  oxygen. 
Unfortunately,  as  temperature  rises,  the  dissolved  oxygen  capa- 
city of  water  decreases.   Offsetting  these  factors  to  some 
extent  is  the  increase  in  diffusion  of  dissolved  oxygen  within 
the  body  of  water  with  rising  temperature.   Figure  6-1  depicts 
a  typical  annual  temperature  profile  of  the  Green  River  near 
the  proposed  plant  sites.   Additional  information  on  stream 
temperature  is  given  in  Table  5-5. 

The  amount  of  stream  flow  (discharge)  is  perhaps  the 
single  most  important  factor  in  waste  assimilation  capacity. 
While  the  average  flow  of  a  river  may  appear  good,  the  real  re- 
striction limiting  the  quantity  of  water  available  is  the 
seasonal  drought  flow.   The  seasonal  pattern  of  discharge  and 
water  temperature  thus  becomes  of  primary  importance  in  the  eval- 
uation of  any  proposed  mill  site. 

KENTUCKY  REGULATIONS 

As  a  member  of  the  Ohio  River  Valley  Water  Sanita- 
tion Commission,  along  with  Indiana,  Illinois,  New  York,  Ohio, 
Pennsylvania,  Virginia,  and  West  Virginia,  Kentucky  must  abide 
by  the  stream  pollution  regulations  established  by  this  agency. 
The  Commission's  requirements  with  respect  to  pollution  control 
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are  described  in  a  bulletin  entitled  Regulatory  Actions  for  the 
Control  of  Sewage,  Industrial  Wastes,  and  Other  Substances, 
January  12,  1961.    The  industrial-waste  control  policy  and  pro- 
cedure as  adopted  by  this  body  is  set  forth  in  its  entirety  in 
pages  13-16  of  the  above  mentioned  publication.   Paragraph  IW-1 , 
"Basic  Industrial  Waste  Requirements",  is  reproduced  below. 
Additional  detailed  information  may  be  obtained  from  the  Water 
Pollution  Control  Commission,  Kentucky  Department  of  Health, 
Frankfort,  Kentucky. 

Paragraph  IW-1 

"Industrial  Wastes  shall  be  treated  or  otherwise  modified 
prior  to  discharge  so  as  to  maintain  the  following  con- 
ditions in  the  receiving  waters: 

1.  Freedom  from  anything  that  will  settle  to  form 

putrescent  or  otherwise  objectionable  sludge 
deposits  which  interfere  with  reasonable  water 
uses . 

2.  Freedom  from  floating  debris,  scum  and  other 
floating  materials  in  amounts  sufficient  to  be 
unsightly  or  deleterious. 

3.  Freedom  from  materials  producing  color  or  odor 
in  such  degree  as  to  create  a  nuisance. 

4.  Freedom  from  substances  in  concentrations  or 
combinations  which  are  toxic  or  harmful  to 
human,  animal  or  aquatic-life. 

"These  conditions  to  be  maintained  in  the  receiving  waters 
following  the  discharge  of  industrial-waste  effluents,  are 
basic  or  minimum  requirements.   Investigations  will  be  con- 
ducted by  the  Commission  as  time  and  circumstances  permit 
to  establish  the  need  and  validity  of  altering  or  adding  to 
the  above  basic  requirements. 

"Questions  concerning  compliance  with  requirements  are  to 
be  addressed  to  the  signatory  state  agency  in  the  state  in 
which  the  industrial  plant  is  operating.   Arrangements 
will  be  made  by  the  state  agency  for  such  contact  and  con- 
sultation with  the  Commission  as  may  be  necessary  or  re- 
quested .  " 
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COMMERCIAL  TREATMENT  SYSTEMS 

Suspended  Solids  Removal 

Four  processes  widely  employed  for  suspended  solids 
reduction  are  sedimentation,  contact  reaction,  flotation,  and 
filtration.   The  residue  collected  from  the  removal  operation 
is  generally  a  thin  slime  from  which  the  separation  of  addi- 
tional water  is  extremely  difficult.   Some  of  these  sludges 
can  be  dewatered  by  vacuum  filtration  or  on  seepage  beds,  while 
others  can  be  concentrated  by  flotation.   Field  investigation 
has  shown  that  disc  centr i f ligation  is  capable  of  recovering  as 
high  as  97  percent  of  the  solids  from  a  board  mill  sludge. 
Fieid  studies  of  the  conveyor  centrifuge  (known  as  the  circular 
clarifier)  indicate  that,  using  this  process,  solids  recovery 
of  85-95  percent  can  be  expected  when  dewatering  boardmili,  fine 
paper,  deinkmg,  and  felt  sludge.  Power  requirements  aie  in  the 
range  of  0.7  horsepower  per  gallon  of  sludge  dewatered  per 
minute . 

Final  disposal  of  dewatered  sludges  poses  additional 
problems.   Land  disposal  is  generally  the  most  economical 
method,  but  in  areas  where  available  space  is  at  a  premium, 
sludge  burning  has  been  investigated.   However,  the  cost  of 
incineration  of  must  sludges  is  high,  and  the  quantity  of  sludge 
produced  by  a  single  mill  is  often  insufficient  to  maintain  a 
commercial  size  unit  in  continuous  operation. 

BOD  Removal 

The  treatment  of  pulp  and  paper  mill  wastes  for  the 
removal  of  suspended  matter  seldom  produces  a  proportionate 
reduction  in  the  BOD  because  65-80  percent  of  the  BOD  is  in  a 
dissolved  state  and  not  susceptible  to  suspended  solids  reduc- 
tion methods.   Chemical  and  physical  techniques  such  as  ion 
exchange,  dialysis,  and  electrical  methods  to  remove  BOD  have 
been  tried  and  found  economically  unfeasible  or  mechanically 
unworkable . 

At  least  eight  different  processes  have  been  proposed 
for  the  recovery  of  spent  semichemical  pulping  liquors.   A 
suitable  recovery  process  must  not  only  reduce  stream  pollution 
but  must  be  economically  feasible.   None  of  the  eight  processes 
meets  these  requirements. 

The  situation  with  respect  to  kraft  mills  is  dif- 
ferent.  Treatment  of  pulping  liquors  for  chemical  recovery  and 
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re-use  is  today  standard  practice  in  the  kraft  industry.   As  a 
result,  the  BOD  load  of  the  final  kraft  effluent  is  considerably 
less  than  that  of  semichemical  effluent.   The  kraft  recovery 
process,  however,  tends  to  generate  an  unpleasant  odor  which  is 
difficult  to  control. 

Biological  treatment  of  wastes  for  BOD  removal  has 
proven  to  be  the  most  satisfactory  method  to  date.   Anerobic 
digestion,  similar  in  process  to  that  found  in  home  septic 
tanks,  has  proven  unfeasible  due  to  the  low  BOD  loading  capacity 
of  such  systems  and  certain  associated  chemical  problems.   In 
the  aerobic  treatment  process,  bacteria  and  other  microorganisms 
oxidize  the  organic  matter  in  the  presence  of  dissolved  oxygen. 
Types  of  aerobic  treatment  systems  in  active  use  or  under  inves- 
tigation include  (1)  oxidation  lagoons,  (2)  irrigation  or  spray 
systems,  (3)  trickling  filters,  (4)  aerated  stabilization  basins, 
and  (5)  activated  sludge  plants. 

Of  these  aerobic  treatment  types,  the  oxidation  lagoon 
and  the  spray  systems  are  generally  the  least  expensive  to 
operate,  but  both  require  large  areas  of  land.   The  trickling 
filter  and  activated  sludge  treatments  are  most  often  used  where 
large  land  areas  for  spraying  or  lagoon  storage  are  not  avail- 
able and  rapid  BOD  removal  is  required. 

In  the  trickling  filter  technique,  the  wastes  are 
sprayed  on  beds  of  stones,  plastic  forms,  or  other  media  on 
which  biological  growths  have  been  developed.   The  passage  of 
the  wastes  through  the  filter  beds  results  in  partial  oxida- 
tion; however,  the  BOD  loading  possible  with  trickling  filters 
is  low,  filter  clogging  is  often  a  problem,  and  capital  invest- 
ment is  high. 

Using  the  activated  sludge  process,  substantial  BOD 
removals  are  attainable  with  most  wastes  at  detention  periods 
of  four  hours  or  less.   The  most  important  remaining  problem 
connected  with  this  process  is  disposal  of  the  final  wastes. 
Adoption  of  the  methods  for  disposing  of  domestic  sewage,  such 
as  digestion,  vacuum  filtration,  drying  on  sand  beds,  or  incin- 
eration, would  add  enormously  to  the  already  high  capital  and 
operating  costs.   Further  studies  are  being  made  to  improve 
efficiency  and  reduce  costs  of  both  the  trickling  filter  and 
activated  sludge  disposal  techniques. 
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Color  Removal 

Recent  research  has  been  directed  toward  the  use  of 
lime  as  a  color  precipitant  in  the  kraft  industry.   The  lime- 
organic  sludge  obtained  during  the  color  removal  step  is  used 
to  re-causticize  green  liquor  in  the  kraft  recovery  system. 
The  major  portion  of  the  operating  cost  of  this  process  is  the 
loss  of  lime  dissolved  in  the  decolorized  effluent,  which 
usually  amounts  to  one  or  two  tons  per  100  tons  of  bleached 
kraft  pulp.   Studies  indicate  that  a  serious  build-up  of  im- 
purities may  result  in  a  mill  system  using  this  process,  however, 
and  further  research  is  needed  to  demonstrate  its  practicability, 
Development  of  color  removal  techniques  for  processes  other  than 
the  kraft  is  at  a  less  advanced  stage. 

SYSTEMS  SUITABLE  TO  THE  GREEN  RIVER  AREA 

Four  basic  types  of  effluent  treatment  offer  promise 
of  proving  feasible  at  the  potential  plant  sites  in  Western 
Kentucky:   the  circular  clarifier,  the  oxidation  or  storage 
lagoon,  the  Container-Copeland  process,  and  the  irrigation  or 
spray  method  of  treatment. 

Circular  Clarifier 

Removal  of  suspended  solids  is  generally  required 
before  any  type  of  lagooning  can  take  place.   If  suspended 
solids  are  not  removed  prior  to  lagooning,  conditions  become 
favorable  to  increased  growth  of  anerobic  organisms.   This 
results  in  a  loss  of  aerobic-anaerobic  equilibrium,  which  in 
turn  results  in  less  BOD  removal  and  an  unpleasant  odor.   Sus- 
pended solids  removal  of  about  90  percent  can  be  accomplished 
with  a  circular  clarifier  before  lagooning. 

Lagooning 

In  the  oxidation  lagoon  method  of  treatment,  raw 
effluent  is  channeled  into  a  natural  or  man-made  ponding  area 
where  preliminary  oxidation  of  the  organic  components  occurs 
prior  to  entry  of  the  effluent  into  the  receiving  stream.   If 
properly  handled  this  treatment  can  result  in  a  significant 
lowering  of  the  BOD  of  the  effluent.   In  addition,  lagoons  are 
often  used  primarily  to  adjust  effluent  discharge  to  conditions 
of  stream  flow. 

The  ideal  topography  for  a  system  of  efficient  oxi- 
dation lagoons  would  be  terrain  which  would  allow  a  series  of 
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basins  with  turbulent  flow  between  each,  but  utilization  of 
relatively  flat  land  for  lagoon  construction  is  much  more  common. 

Other  factors  of  prime  importance  in  lagoon  BOD  removal 
efficiency  are  water  depth  and  temperature.   Oxygen  is  dissolved 
in  water  only  at  the  liquid-air  interlace  and  is  transferred 
downward  in  a  quiescent  body  of  water  by  diffusion.   The  rela- 
tionship of  water  depth  and  temperatures  to  BOD  removal  is  shown 
graphically  in  Figures  6-2  and  6-3. 

The  lagoon  of  Bowaters  Southern  Paper  Corporation, 
Calhoun,  Tennessee,  is  140  acres  in  surface  area,  10  feet  deep, 
and  affords  a  retention  of  15  days  to  the  total  mill  effluent. 
The  lagoon  effluent  is  then  discharged  into  the  Hiwassee  River 
through  a  diffuser,  or  uniformly  perforated  submerged  pipe,  to 
insure  rapid  and  complete  mixing  with  the  receiving  stream. 
Table  6-2  indicates  the  facilities  and  experience  of  seven  dif- 
ferent lagoon  treatment  installations  in  the  southern  pulp  and 
paper  industry.   Mill  C  is  the  Bowaters  installation. 

Container -Cope land 

This  process,  developed  by  the  Container  Corporation 
of  America  through  a  development  program  at  Battelle  Memorial 
Institute,  has  established  the  technical  and  economic  feasi- 
bility of  f luidized-bed  processing  of  spent  neutral 
sulfite  semichemical  pulping  liquors.   It  involves  the  concen- 
tration of  all  pulping  "black  liquors"  by  the  use  of  three 
forced  circulation  evaporators,  resulting  in  a  concentration  of 
35  percent  solids  in  the  effluent.   It  is  then  oxidized  or 
"burned"  in  an  autogenous  f luidized-bed  reactor,  requiring  no 
external  fuel  supply  for  normal  operation. 

The  Container  Corporation  of  America  has  operated  a 
full-scale  commercial  unit  at  its  Carthage,  Indiana,  NSSC  mill 
since  July  1962.   The  results  of  this  operation  indicate  that 
complete  oxidation  of  the  effluent's  organic  matter,  which  is 
the  source  of  BOD,  can  be  accomplished  under  autogenous  condi- 
tions at  temperatures  of  about  1300  F  within  the  reactor  with 
the  effluent  at  about  35  percent  solids  concentration.   The  end 
product  of  this  process  is  a  pelleted  product  composed  of  the 
oxidized  residual  inorganic  chemicals  contained  in  the  effluent. 
These  pellets  are  composed  essentially  of  sodium  carbonate  and 
sodium  sulfate.   Since  these  pellets  contain  no  BOD,  they  may 
be  slurried  directly  into  streams  if  no  objectionable  rise  in 
stream  color  occurs.   Indications  are  that,  depending  to  some 
degree  upon  the  chemical  properties  of  the  stream  water,  the 


6-9 


>* 
u 
z 

H 

M 

u 

M 
ft 
fa 

w 


8 

< 
o 

ft 

H 

ft 
ft 

w 

Eh 

P 
S3 
< 

K 
Eh 
P-. 

ft 
P 

ft 

w 

en 

I 

fa 

o 

Cm 
M 

in 

§ 

M 
EH 

< 
ft 

ft 

ft 


D 

Eh    S3 

<  o 
ft  h 

ft     Eh 

ft     < 

g    Q 

ft     H 

Eh     X 

O 

ft 

O    ft 

< 

Cm    U 

H     H 

ft    o 

C/}    O 

S3    J 

O    O 

H    H 

Eh     ft 

< 

a  ft 

w  o 

ft 

ft 

E-> 

ro    rf 

0 

1               Oh 

P  c 

^ 

rfl    0 

o 

P   -rH 

•    Eh 

P 

o 

CU   IT3 

M 

>  Ti 

ft 

•H  -H 

P   X 

rtj  o 

rH 

a;  im 

ft  o 

Eh 

Cm 
W 
Q 

ft 
w 

Eh 


ft 

O  J 

ft  u 

H  H 

ft  O 

C/3  O 

S3  J 

O  O 


ft 
ft 

o 

ft 


CM 

I 
^0 


o 

H 

ft 


o 

Eh 


vD 


"tf 


c 
o 

p 
P  u 
C  3 
CU  T5 
O  CU 
P,   ft 

<u 

Cn   P 

o 

ft 


o 

CO 


o 


o 


o 


o 
c^ 


ft 


U 

3 

+J 

rfl 
P 

a* 
e 

a; 

Eh 


O 


o 


o 

CM 

CU 

ty 

-H  P. 
O 
-P 
C/3 

CM 

rH  io 
>i 
re 
P 

CO 


c 
o 

•H 

p 

fO  - 

N  rO 

--H  TS 

,-1  nj 

•H  C 

,0  03 

rtJ  U 

P 

CO  4-1 

o 

m 
o 

<D 

CO 

P 


CD 

c; 

•H 
N 

>,      CO 

ft    s 

W  P 
P     CU 

c  aj 

<D  rj 
3    ft 

U-i  TS 
4h  C 
ft    < 

a 


■H 

P 

p 
to 

TI      CO 


H 


p 

3 
4-1  P 
o    (0 

CU 
C    ft 

o 

•rH  CJ 
P     -rH 

u  £ 

3  Oh 
Ti  rO 
CU  P 
ft     CP 

O 
P  P 
O  tJ 
ft     >i 

ft 


ft 


P 

P 

CU 
,Q 

P 

CU    TS 


ft 


P    co 

CU    C  £. 

ct>-h  u 

P    co  p 

cu   m  m 

m  ft  S 


w 
u 
ft 

8 


6-10 


CM 

I 


Si 


CO 

23 
O 
H 

CO 

23 


Eh 

W 


25 

O 
O 

o 
< 


w 

CO 

o 

Eh 
< 

Q 

H 

Eh 

S 

U 


CO 

w 

Eh 

<: 

Eh 
CO 

Q 
W 
H 

H 


w 

3 

Eh 

D 
O 

CO 

H 

Eh 

25 
H 


H 

-p 

m 

c 

> 

cu 

• 

0 

u 

Q 

E 

sh 

0) 

CO 

• 

05 

&4 

O 

-P 

CQ 

c 

CU 

> 

3 

e 

ft) 

rH 

a 

Q 

I 
m 

4H 
4H 
W 

-P 

c 

0) 

a 

-J 

6 

H 

P- 

4-1 

a 

C 

H 

c 

e 

o 

3 

•H 

e 

+J 

CO 

•H 

C 

> 

X 

CU 

rd 

(d 

-P 

Q 

2 

0) 
05 

to 

fCJ 

TJ 

cu 

■p 

a 

m 

0 

o 

u 

^ 

a, 

< 

g 

CO 

-p 

CO 
CO 

cu 

& 

Eh 

■P 
U 

T3 
0 
M 

04 
.-I 

H 
■H 
2 

o  r-  <Ti  o  r» 

CD    '^t    fO    CTi    vo 


CM    o 

en  r*» 


o  r-~  o  o  co        o  m 

<tf      m     H      CN     CO  rH     -vt 


O    CP 

o 

o 

CO 

O 

O 

O    <T> 

00 

o 

O 

ro 

m 

cm  rsj 

rH 

CM 

rH 

H 

rH 

o   o  m   nj  in         o  o 
cm   ro   rH   CO  ro         CO   -st" 


o 

m 

O 

O 

m 

O 

O 

o 

rH 

^ 

in 

r^ 

CO 

O 

rH 

CM 

rH 

m 

rH 

^ 
^f 

00 

CU 

CO 

CT> 

&i 

rd 

rd 

? 

5 

0 

O 

+ 

rH 

rH 

MH 

T3 

'O 

4H 

T3 

ij 

T3 

C 

c 

C 

c 

C 

+ 

0 

0 

+ 

0 

0 

CU 

0 

a 

a 

DU 

a 

Cn 

a, 

10 

CO 

rd 

TD 

a) 

0) 

T5 

a; 

CU 

S 

CU 

G 

rH 

rH 

c 

rH 

rH 

o 

rH 

0 

CT> 

tr> 

o 

tP 

CT>    rH 

tP 

a 

c 

c 

a 

c 

C 

4H 

G 

■rH 

•H 

•H 

•H 

■rA 

CM 

CO 

CO 

<* 

-p 

4H 

0) 

(0 

CO 

-p 

rd 

-P 

-P 

-P 

m 

U 

4H 

MH 

MH 

rd 

X 

rd 

rd 

rd 

U 

U 

U 

SH 

X 

T3 

X 

X 

A5 

-P 

-P 

CU 

G 

TD 

c 

A 

'D 

XJ 

T3 

■H 

0) 

•H 

U 

CU 

CU 

CU 

in 

rC 

Sh 

rd 

rG 

rG 

A 

a 

u 

CX 

0) 

u 

u 

U 

in 

fd 

en 

<-{ 

rd 

rd 

rd 

2 

CU 

? 

A 

CU 

CU 

CU 

<u 

rH 

CO 

G 

rH 

rH 

rH 

S 

CQ 

25 

D 

m 

CQ 

CQ 

in 

CO 

u 

rJ 

p 

rd 

0 

MH 

&H 

0 

U 

, 

CO 

■H 

O 

co 

rd 

^0 

D 

a 

CP 

rd 

rH 

>. 

u 

rQ 

CD 

- 

0 

rC 

cn 

!h 

u 

-p 

T3 

u 

G 

>■■ 

rd 

cu 

E 

2 

3 

4H 

rd 

rd 

4H 

U 

TD 

W 

3 

rd 

-P 

c 

rH 

rd 

rd 

rd 

23 

U 

■H 

U 

T3 

m 

-P 

C 

0 

CO 

rd 

3 

CU 

T3 

CO 

c 

G 

C 

■H 

H 

•H 

N 

to 

rd 

m 

rd 

tn 

0 

CQ 

rd 

2 

G 

G 

0 

0 

u 

■H 

•H 

CU 

-P 

-P 

a. 

U 

rd 

rd 

3 

N 

Dh 

TD 

•H 

CU 

rH 

tf 

05 

■rH 

rQ 

a 

Q 

rd 

rH 

O 

-P 

3 

CQ 

CO 

o, 

<IUUQHh 


O 


-p 
in 

CU 

rQ 
M 

CU 

a 


CU 
CP 
M 
CD 
CQ 


u 

05 

D 
O 

CO 


6-11 


pellets  usually  do  not  cause  an  objectionable  rise  in  stream 
color.   Development  of  a  system  to  adapt  the  chemical  recovered 
in  pellet  form  to  re-use  within  a  semichemical  mill  is  currently 
underway.   Land  disposal  of  the  waste  product  would,  of  course, 
eliminate  any  stream  pollution.   Evolution  of  sulfur-bearing 
gases,  which  would  serve  as  a  source  of  atmospheric  pollution, 
has  proven  negligible  using  this  process. 

Spraying 

Irrigation  or  spraying  affords  a  method  of  land  dis- 
posal of  effluent.   The  raw  effluent  is  sprayed  directly  onto 
a  suitable  plot  of  ground.   This  method  provides  more  economical 
use  of  available  land  than  the  lagoon  system  when  effluent  BOD 
or  color  is  high.   Thus,  if  only  limited  acreage  is  available, 
it  may  be  desirable  to  spray  those  effluent  components  which 
have  high  BOD  or  color  and  relatively  low  volume.   An  example 
of  this  approach  is  the  practice  at  Union  Bag-Camp  at  Franklin, 
Virginia,  where  the  effluent  totals  less  than  2,000  gallons  per 
ton  yet  contains  30  percent  of  the  total  mill  BOD  load. 

A  combination  of  two  of  the  above  methods  is  often 
required.   The  Container-Copeland  process  or  spray  disposal  is 
well  suited  to  the  disposal  of  the  smaller  but  more  concentrated 
volumes  of  pulping  "black  liquors",  while  lagooning  affords  a 
convenient  means  of  reducing  BOD  levels  and  regulating  the  dis- 
charge of  larger  volumes  of  effluent.  A  number  of  combinations 
are  possible,  but  all  these  systems  offer  the  advantage  of  rela- 
tively low  cost,  given  the  necessary  topographic  and  space  re- 
quirements . 

Figure  6-4  is  a  comparison  of  the  oxidation  lagoon  and 
the  spray  effluent  disposal  methods.   Allowable  lagoon  surface 
in  terms  of  gallons  per  acre  per  day  is  dependent  upon  the  BOD 
assimilative  capacity  of  a  particular  lagoon.   Determination  of 
this  capacity  involves  a  consideration  of  water  depth,  surface 
area,  and  water  temperature.   Figure  6-4  indicates  allowable 
surface  loading  by  volume  and  strength  of  effluent  for  lagoons 
whose  assimilative  capacity  ranges  from  25-100  pounds  of  BOD 
per  acre-day.   It  will  be  noted  that  the  surface  loading  possible 
with  spray  disposal  systems  is  entirely  independent  of  the  BOD 
of  the  effluent.   The  critical  factor  in  spray  disposal  is  that 
the  effluent  be  kept  free  of  suspended  solids  which  would  tend  to 
clog  the  spray  system  and  reduce  soil  porosity  and  absorption. 
Although  the  possibility  of  ground  water  contamination  does  exist 
in  some  instances,  mill  effluent  is  usually  non-toxic  to  man 
and  land  animals.   BOD,  as  such,  is  harmful  only  to  water-borne 
life  requiring  oxygen  to  maintain  metabolism. 
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The  lagoon,  on  the  other  hand,  is  highly  sensitive  to 
BOD  loading.   Once  the  BOD  handling  capacity  of  a  particular 
lagoon  has  been  determined,  taking  into  account  surface  area, 
water  depth,  water  temperature,  supplementary  aeration,  etc., 
any  additional  BOD  loading  will  result  in  a  loss  of  aerobic- 
anaerobic  equilibrium,  in  turn  resulting  in  a  loss  of  BOD  re- 
moval capacity  and  an  odorous  nuisance. 

The  full-scale  spray  irrigation  program  at  Union  Bag- 
Camp  has  produced  promising  results  in  loadings  of  14,000  gal- 
lons per  acre/day,  and  during  1958  maximum  application  rates 
during  the  summer  months  of  30,000  gallons  per  acre/day  were 
achieved.   Acreage  requirements  for  effluent  disposal  at  this 
installation  are  about  0.1  acre  per  ton  of  pulp  and  the  entire 
system  was  installed  for  $125  per  ton  capacity,  including  $40 
per  acre  for  land  acquisition.   Operating  costs  are  estimated 
at  6C  per  ton  of  pulp.   Table  6-3  summarizes  recent  data  from 
a  number  of  irrigation  treatment  installations. 

RECOMMENDED  SYSTEMS  FOR  ALTERNATIVE  MILL  TYPES 

The  single  most  serious  problem  associated  with  the 
location  of  a  pulp  and  paper  mill  on  the  Green  River  is  that  of 
effluent  disposal  and  stream  pollution.   The  municipal  water 
supplies  of  Rockport,  Central  City,  Livermore,  and  Calhoun  are 
drawn  from  the  Green  River  below  the  prime  mill  sites.   This 
means  that  the  color  increase  of  the  river  due  to  pulp  mill 
effluent  will  also  be  of  major  importance. 

The  specific  allowable  BOD  and  color  loading  on  the 
Green  will  have  to  be  determined  by  conferences  between  an  inter- 
ested pulp  and  paper  company  and  the  Kentucky  Water  Pollution 
Control  Commission.   The  Commission  has  indicated  in  preliminary 
discussions,  however,  that  about  one-fourth  of  the  Green  River's 
flow  could  be  assigned  to  any  one  industry  for  purposes  of  efflu- 
ent assimilation.   Upon  completion  of  the  upstream  Nolin,  Barren, 
and  Green  River  Reservoirs,  in  late  1965  or  1966,  the  minimum 
flow  near  Paradise  will  probably  be  about  1300  c.f.s.   Therefore, 
300  c.f.s.  will  probably  be  available  for  effluent  dilution 
under  conditions  of  minimum  flow. 

It  was  decided,  in  cooperation  with  the  Kentucky  Water 
Pollution  Control  Commission,  that  mill  sites  in  Muhlenberg  and 
Butler  Counties  would  prove  feasible  provided  certain  stream 
sanitation  standards  were  met.   The  basic  requirements  are: 
(1)   no  pulping  digester  "black  liquors"  are  allowed  to  enter 
the  Green  River,  (2)  a  clarifier  is  used  to  remove  solids  from 
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all  remaining  effluent  ("white  water"),  (3)  a  storage  lagoon  is 
used  to  regulate  discharge  of  white  water  into  Green  and,  (4)  a 
color  rise  of  no  more  than  10  units  on  the  cobalt-platinum  scale 
over  the  above  residual  river  color  will  be  allowed.   Assuming 
a  low  flow  of  300  c.f.s.,  this  would  amount  to  a  release  of  3000 
color  units  per  second  into  the  Green  River.   Lagoon  capacity 
should  be  sufficient  to  prevent  any  discharge  into  the  Green 
which  would  result  in  a  violation  of  the  color  parameters  estab- 
lished above. 

NSSC  Mill 

If  a  clarifier  were  employed  and  some  process  (such  as 
the  Container-Copeland  system)  were  used  to  completely  dispose 
of  all  digester  "black  liquors",  BOD  content  of  NSSC  effluent 
would  not  present  a  serious  problem  on  the  Green  River.   The  fol- 
lowing analysis,  based  partly  upon  data  from  the  Carthage  NSSC 
mill,  relates  to  the  "white  water"  portion  of  the  effluent  from 
a  250-ton  mill: 

Volume  of  effluent  =  1,000  gallons  per  minute 

=  1,440,000  gallons  per  day 

=  11,938,400  pounds  per  day 

BOD  =  270  ppm  =.00027  (11,938,400) 

=  3,223  pounds  per  day 

=  13  pounds  per  ton  of  pulp 

The  Kentucky  Water  Pollution  Control  Commission  has 
estimated  that  the  Green  River  near  Paradise  could  receive  a 
daily  BOD  loading  of  12,000  pounds  under  conditions  of  minimum 
stream  flow.    This  allowable  loading  is  substantially  in  excess 
of  the  3,223  pounds  of  BOD  which  would  be  discharged  by  a  250-ton 
NSSC  mill. 

The  use  of  a  clarifier  and  a  system  to  dispose  of  "black 
liquors"  would  help  also  to  reduce  the  amount  of  color  added  to 
the  river  by  NSSC  effluent.   As  noted  above,  a  maximum  color  rise 
of  10  units  is  allowable  on  the  Green  River.   A  250-ton  NSSC  mill 
with  "white  water"  effluent  volume  of  1,000  gallons  per  minute 
would  contain  about  872  ppm  of  color.    The  following  analysis 


-^Using  the  Streeters  dissolved  oxygen  sag  equation,  and 
assuming  that  a  single  industry  would  be  allowed  to  utilize 
25%  of  the  stream's  dissolved  oxygen  in  excess  of  4  ppm, 
and  that  minimum  stream  flow  will  be  1300  c.f.s. 

o 
Based  upon  experiences  of  the  mill  at  Carthage,  Indiana. 
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may  be  employed  to  determine  the  color  rise  in  units  which  would 
result  from  this  effluent  discharge: 

Volume  of  effluent  =  1000  gpm  -  2.2  c.f.s. 
Available  stream  flow  =  300  c.f.s. 
Dilution  factor  =  300  f  2.2  =  135 
Color  content  of  effluent  =  872  ppm 
Color  rise  in  units  -  872  f  135  =  6.45 

A  color  rise  of  6.45  units  would  fall  below  the  allow- 
able maximum  of  10  units  set  by  the  Commission .   It  should  also 
be  noted  that  the  rise  of  6.45  units  was  based  upon  the  300  c.f.s. 
of  flow  which  could  be  assignable  to  a  single  industrial  installa- 
tion, which  is  approximately  25  percent  of  the  actual  anticipated 
minimum  flow  of  1300  c.f.s. 

The  above  calculations  indicate  that  the  Green  River, 
under  conditions  of  minimum  flow,  could  assimilate  both  the  BOD 
and  color  loadings  from  a  250-ton  NSSC  mill.   The  use  of  a  storage 
lagoon  as  stipulated  by  the  Commission  would  introduce  an  addi- 
tional safety  factor,  since  effluent  discharge  could  then  be 
regulated  according  to  the  flow  of  the  river.   It  may  be  assumed 
that  a  lagoon  with  a  capacity  of  20  days '  effluent  volume  would 
accomplish  adequate  regulation  of  effluent  discharge.   This 
volume  of  effluent  (28,800,000  gallons)  would  require  a  lagoon 
with  a  capacity  of  88  acre/feet.   Thus,  if  effluent  depth  were 
2  feet,  a  44-acre  lagoon  would  be  required.   At  a  depth  of  3  feet, 
approximately  30  acres  would  be  required.   In  addition  to  pro- 
viding for  regulation  of  effluent  discharge,  such  a  lagoon  could 
be  expected  to  reduce  BOD  content  of  the  effluent  by  60-70  per- 
cent if  it  were  retained  for  20  days.   Availability  of  a  lagoon, 
of  course,  would  also  guard  against  an  accident  whereby  a  large 
"slug"  of  untreated  effluent,  high  in  BOD  and  color,  might  escape 
from  the  mill. 

Kraft  Mill 

The  BOD  of  kraft  mill  effluent,  even  with  a  recovery 
process,  is  substantially  higher  than  that  of  NSSC  effluent  with 
the  "black  liquor"  removed.   In  addition,  the  volume  of  effluent 
is  very  high  --  about  15,000,000  gallons  per  day  as  compared  to 
1,440,000  gallons  for  an  NSSC  mill.   Daily  BOD  loading  from  a 
300-ton  bleached  kraft  mill  with  chemical  recovery  could  range 
up  to  about  21,000  pounds,  on  the  basis  of  70  pounds  per  ton  of 
pulp  produced.   This  may  be  compared  with  the  Commission's  allow- 
able loading  of  12,000  pounds  per  day.   The  latter  figure,  of 
course,  relates  to  conditions  of  minimum  stream  flow,  minimum 
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dissolved  oxygen,  and  maximum  stream  temperature.   During  the 
months  of  August,  September,  and  October  maximum  daily  BOD 
loading  would  probably  be  12,000  pounds.    Under  average  stream 
flow  conditions,  the  river  could  receive  the  entire  BOD  loading 
during  every  other  month  of  the  year. 

Under  the  above  conditions  it  would  be  necessary  to 
construct  a  lagoon  which  would  receive  9,000  pounds  of  BOD  per 
day,  or  6,300,000  gallons  of  effluent  per  day  (9/21x15,000,000) 
for  a  period  of  three  months.   This  would  amount  to  a  cumulative 
volume  of  519,750,000  gallons  (if  the  mill  operated  27.5  days 
per  month) ,  which  would  require  a  lagoon  capacity  of  1595  acre/ 
feet.   The  Commission  has  indicated  that  a  lagoon  depth  of  ten 
feet  would  be  permissible,  at  this  depth  an  area  of  about  160  acres 
would  be  required  for  the  lagoon.   BOD  reduction  at  this  depth, 
of  course,  would  be  negligible.   If  lagoon  depth  were  held  to 
six  feet,  BOD  reduction  of  perhaps  40  percent  would  take  place, 
but  would  require  about  270  acres. 

However,  a  cumulative  volume  of  519,750,000  gallons 
would  not  necessarily  be  reached.   By  releasing  effluent  from 
the  lagoon  during  the  three-month  period,  it  will  be  possible 
to  release  daily  considerably  more  volume  than  is  added  to  the 
lagoon  each  day,  since  the  stored  effluent  will  have  a  decreased 
BOD  content  in  parts  per  million.   Thus,  it  is  possible  that  a 
lagoon  acreage  smaller  than  those  mentioned  above  would  be  suf- 
ficient.  Improved  stream  temperature,  flow,  and  oxygen  content 
during  the  ensuing  winter  and  spring  months  would  make  it  pos- 
sible to  release  the  accumulated  effluent. 

The  color  problem  appears  to  be  less  serious  than  BOD 
for  a  kraft  mill.   Indications  are  that  color  content  of  kraft 
effluent  ranges  from  45-70  ppm  on  the  cobalt-platinum  scale. 
The  following  analysis  may  be  made  to  determine  the  color  rise 
which  would  occur  in  the  Green  River  if  a  300-ton  kraft  mill 
discharged  15,000,000  gallons  of  effluent  per  day: 

Volume  of  effluent  =  10,400  gpm  =  23.2  c.f.s. 
Available  stream  flow  =  300  c.f.s. 
Dilution  factor  =  300  7  23.2  =  12.9 
Color  content  of  effluent  -  70  ppm 
Color  rise  in  units  =  70  t  12.9  =  5.4 


— r 

This  assumes  that  only  one-fourth  of  the  river's  BOD 
assimilative  capacity  would  be  available  to  a  mill. 

2 
Pennsylvania  Department  of  Health 
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A  color  rise  of  5.4  units  would  fall  substantially 
below  the  allowable  maximum  of  10  units.   Since  this  analysis 
was  based  upon  minimum  flow  conditions,  it  does  not  appear  that 
color  would  pose  a  problem  at  any  time  during  the  year. 

Hardboard-Insulation  Board  Mill 

As  was  noted  in  Section  3,  these  products  may  be  formed 
into  board  by  either  the  dry  process  or  the  wet  process.   The  dry 
process  produces  very  little  effluent  and  would  pose  no  problem. 
The  wet  process,  however,  produces  effluent  with  a  BOD  content 
ranging  roughly  from  50  to  100  pounds  per  ton  of  production.   A 
mill  with  a  capacity  of  100  tons  per  day,  which  is  considered 
large  enough  for  economic  operations,  would  have  a  daily  BOD 
loading  of  5,000  to  10,000  pounds  per  day.   This  figure  falls 
within  the  allowable  loading  of  12,000  pounds,  so  that  BOD  should 
not  present  a  major  problem.   Of  course,  a  small  lagoon  would  be 
desirable  for  purposes  of  regulating  discharge  of  effluent  into 
the  stream. 

The  color  increase  of  the  Green  River  created  by  the 
effluent  from  a  100-ton  wet  process  mill  would  be  quite  small, 
as  illustrated  in  the  following  computations: 

Volume  of  effluent  =  695  gpm  =  1.55  c.f.s. 
Available  stream  flow  =  300  c.f.s. 
Dilution  factor  =  300  4  1.55  =  193.5 
Color  content  of  effluent  =  70  ppm 
Color  rise  in  units  =  70  ^  193.5  =  0.36 

The  Green  River,  under  conditions  of  minimum  flow,  would  have  no 
difficulty  in  assimilating  both  the  BOD  and  color  content  of  wet 
process  effluent. 

Although  the  effluent  data  used  in  the  above  examples 
of  semi-chemical,  kraft,  and  wet  process  mills  were  taken  or 
projected  from  mills  currently  in  operation,  such  figure's  may 
vary  widely,  depending  upon  mill  equipment,  processes,  woods 
used,  and  production  techniques.   Assuming  that  a  mill  established 
on  the  Green  River  would  have  effluent  volume  and  characteristics 
similar  to  those  used  in  the  above  examples,  the  following  con- 
clusions may  be  drawn: 


^Based  upon  color  information  obtained  from  the 
Pennsylvania  Department  of  Health. 
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(1)  The  effluent  from  a  250-ton  NSSC  mill  could  be 
assimilated  without  reducing  oxygen  content  to 
levels  at  which  aquatic  life  would  be  endangered. 
The  color  rise  would  not  be  great  enough  to  ad- 
versely affect  downstream  municipal  water  usage. 
A  small  lagoon,  however,  would  be  desirable  for 
purposes  of  regulating  effluent  discharge. 

(2)  A  300-ton  kraft  mill  would  require  a  lagoon  with 
an  acreage  of  160-266  acres  in  order  to  store 
effluent  during  those  months  when  only  a  portion 
of  the  mill's  effluent  could  be  discharged  into 
the  stream.   With  an  installation  of  this  type, 
the  effluent's  BOD  content  could  be  assimilated 

by  the  Green.   Color  rise  would  present  no  problem. 

(3)  A  dry  process  hardboard-insulation  board  mill  would 
have  no  effluent  problem.   A  100-ton  wet  process 
mill  would  have  effluent  whose  BOD  and  color  could 
be  assimilated  by  the  Green.   A  small  lagoon  could 
accomplish  regulation  of  effluent  discharge. 

The  availability  of  land  area  at  each  potential  mill 
site  for  lagooning,  which  is  deemed  desirable  for  NSSC,  kraft, 
and  wet  process  mills,  will  be  examined  in  Section  11. 
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Section  7 
ENERGY  RESOURCES 


ELECTRICAL  POWER 

Two  large  retailers  of  electrical  power,  the  Kentucky- 
Utilities  Company  (KU)  and  the  Tennessee  Valley  Authority  (TVA) , 
serve  the  Western  Kentucky  study  area.   Both  KU  and  TVA  operate 
steam-electric  generating  plants  on  the  Green  River  in  Muhlen- 
berg County.   The  KU  generating  facility  is  about  five  miles 
north  of  Central  City  and  has  a  capacity  of  250,000  kilowatts. 
TVA  has  recently  completed  a  new  generating  plant  at  Paradise 
with  a  maximum  power  generating  capacity  of  1,300,000  kw. 

KU  66  kilovolt  power  lines  traverse  the  potential  mill 
site  at  Rockport  while  TVA  161  kv  power  lines  cross  the  Rochester 
site.   The  Morgantown  site  is  currently  without  high-tension 
electrical  power  service,  but  is  located  within  the  TVA  power 
service  area. 

Listed  schedules  for  the  Kentucky  Utilities  Company 
appear  in  Table  7-1.   KU ' s  negotiated  rate  schedule,  which  is 
available  for  loads  of  10,000  kw  and  greater,  is  shown  in  Table 
7-2.   Rates  for  the  Tennessee  Valley  Authority  are  shown  in 
Table  7-3.   An  alternative  would  be  the  generation  of  power  at 
the  mill. 

Table  7-4  presents  preliminary  computations  of  monthly 
electrical  power  charge  for  three  alternative  mill  types. 

COAL 

Coal  is  abundant  and  low  in  cost  in  the  Muhlenberg 
County  area,  due  largely  to  the  extensive  strip  mining  opera- 
tions being  conducted  there.   Among  the  potential  coal  suppliers 
in  the  Muhlenberg  County  area  are  the  West  Kentucky  Coal  Company, 
Gibraltar  Coal  Company,  Pittsburgh-Midway  Coal  Company,  and  the 
Peabody  Coal  Company.   The  latter  is  currently  supplying  coal 
to  the  TVA  steam-electric  generating  plant  at  Paradise. 

Peabody  has  estimated  that  coal  prices  in  Muhlenberg 
County  range  from  about  $4  per  ton  to  $6  per  ton,  depending 
upon  grade  of  coal  selected,  the  desired  preparation,  and  the 
distance  hauled. 
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Table  7-1 

KENTUCKY  UTILITIES 
ELECTRICAL  POWER  RATES* 
LP  Schedule 


Monthly  Demand**  Charge 

Transmission  line  service: 

$1.25/kw  of  demand,  but  with  minimum  charge  dependent 
upon  necessary  facilities. 

Primary  service: 

$1.35/kw  of  demand,  but  not  less  than  $405.00  per  year. 

Secondary  service: 

$1.50/kw  of  demand,  but  not  less  than  $180.00  per  year. 


Monthly  Energy  Charge: 

2.5C/kwh  for  the  first 
1.7C/kwh  for  the  next 
l.lC/kwh  for  the  next 
1.0C/kwh  for  the  next 
0.9£/kwh  for  the  next 
0.8C/kwh  for  the  next 
0.7£/kwh  for  additional 


2,000  kwh/month 

8,000  kwh/month 

40,000  kwh/month 

50 , 000  kwh/month 

400,000  kwh/month 

500,000  kwh/month 


energy 


♦Represents  filed  rate:  loads  of  10,000  kw  and  greater  are 
subject  to  negotiation. 

**Demand  is  the  average  kilowatt  load  during  the  15  minute 
period  of  maximum  use  during  a  month. 
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Table  7-2 

KENTUCKY  UTILITIES 

ELECTRICAL  POWER  RATES 

Negotiated  Schedule* 


Monthly  Demand**  charge 


Monthly  Energy  charge 


$2.25/kw  if  service  is  non- 
interrupt ible . 

$1.00/kw  if  service  is 
interruptible . 

6:00  am  to  10:00  pm,  Monday 
through  Friday,  with  the  ex- 
ception of  legal  holidays: 


0.54C/kwh  for  the  first  2,000,000  kwh 
0.40C/kwh  for  the  next  2,000,000  kwh 
0.35C/kwh  for  additional  energy 


All  other  hours 
0.3C/kwh 


*   Available  if  the  customer's  demand  is  in  excess  of  10,000 
kw,  with  a  high  load  factor. 


**   Demand  will  be  measured  and  set  at  the  average  kw  load  used 
by  the  customer  during  the  15  minute  period  of  maximum  use 
during  the  month. 
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Table  7-3 

TENNESSEE  VALLEY  AUTHORITY 
ELECTRICAL  POWER  RATES 
Schedule  BG 


Rate  A:    If  the  customer's  monthly  demand  or  contract  demand 
is  between  50  kw  and  5 , 000  kw 

Monthly  Demand  charge:   $1.00/kw  of  demand* 

Monthly  Energy  charge  : 

0.8$  /kwh  for  the  first  15,000  kwh 

0.6$  /kwh  for  the  next   25,000  kwh 

0.4$  /kwh  for  the  next   60,000  kwh 

0.3$  /kwh  for  the  next  400,000  kwh 

0.275/kwh  for  additional  energy 


Rate  B:    If  the  customer's  monthly  demand  or  contract  demand 
is  greater  than  5,000  kw 


Monthly  Demand  charge 


Monthly  Energy  charge 
Facilities  rental: 


$1.00/kw  of  demand  within  the 
customer's  contract  demand.* 

$2.00/kw  of  demand  above  the 
customer's  contract  demand. 

0.2  7  5$/kwh 

If  power  is  delivered  at  a  nominal 
voltage  below  44  kv,  a  monthly 
rental  of  7.5$/kw  of  the  customer's 
contract  demand  will  be  charged. 


The  maximum  demand  for  any  month  shall  be  the  highest  average 
load  during  any  30-minute  period  of  the  month.   The  distributor 
will  measure  the  demand  in  kilowatts  of  all  customers  having 
a  connected  load  in  excess  of  10  kw. 
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Table  7-4 

ESTIMATED  MONTHLY  ELECTRICAL  POWER  CHARGES 
Alternative  Mill  Types 


250-ton  NSSC  Mill 

Peak  demand  11,500  kw 

Monthly  energy  7,562,500  kwh 

Monthly  power  charges 

KU  $52,965  * 

TVA  $32,296 

300-ton  Kraft  Mill 

Peak  demand  10,660  kw 

Monthly  energy  7,012,500  kwh 

Monthly  power  charges 

KU  $49,190  * 

TVA  $29,942 

100-ton  Hardboard  -  Insulation  Board  Mill 

Peak  demand  4,600  kw 

Monthly  energy  3,025,000  kwh 

Monthly  power  charges 

KU  $28,651  ** 

TVA  $13,2  53 


*    Based  on  negotiated  schedule  available  for  loads  of  10,000 
kw  and  greater. 

**   Based  on  filed  LP  rate. 
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The  West  Kentucky  Coal  Company  has  estimated  the  cost 
of  unwashed  coal,  averaging  11,400  Btu  per  pound  and  suitable  for 
steam  generation,  at  $4.22  per  delivered  ton,  or  18. 5^  per  million 
Btu.   Assuming  a  requirement  of  1600  pounds  of  coal  per  ton  of 
paper  produced  i.e.,  4,560,000,000  Btu  daily,  or  5,500  tons 
monthly  (assuming  27.5  operating  days),  the  monthly  cost  of  coal 
to  a  250-ton  per  day  NSSC  mill  would  be  approximately  $23,210. 

NATURAL  GAS 

Natural  gas  is  supplied  by  the  Western  Kentucky  Gas 
Company,  Owensboro,  Kentucky,  whose  sources  of  supply  are  the 
Texas  Gas  Transmission  Company  and  the  Tennessee  Gas  Trans- 
mission Company.   The  Western  Kentucky  Gas  Company  has  estimated 
that  a  user  of  about  4  billion  Btu  daily  would  be  charged  36. 5C 
per  million  Btu.   This  would  amount  to  a  monthly  charge  of 
$45,793  for  a  250-ton  per  day  NSSC  mill,  assuming  the  same 
operating  conditions  as  in  the  previous  example  involving  cost 
of  coal.   The  cost  of  natural  gas  is  about  twice  that  of  coal. 
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Section  8 
LABOR  RESOURCES 


LABOR  REQUIREMENTS 

Labor  requirements  for  pulp  and  paper  mills  vary 
considerably  according  to  the  finished  products  and,  of  course, 
the  size  of  the  mill.   A  300-ton  bleached  kraft  mill  with 
complete  fine  paper  finishing  operations  might  employ  1200-1500, 
with  a  large  proportion  of  women.   A  250-ton  neutral  sulfite 
semi-chemical  mill  producing  corrugating  board,  on  the  other 
hand,  needs  only  150-200  workers,  and  a  100-ton  hardboard- 
insulation  board  mill,  about  75. 

A  considerable  number  of  positions  will  have  to  be 
filled  by  men  who  are  experienced  in  the  pulp  and  paper  industry, 
e.g.,  paper  machine  tenders,  digestor  operators,  and  managerial 
and  supervisory  personnel.   These  men  will  have  to  be  recruited 
from  outside  the  labor  supply  area. 

Many  of  the  jobs  in  a  pulp  and  paper  mill  require 
industrial  skills  which  are  widespread:   crane  operators,  pipe- 
fitters, electricians,  millwrights,  welders,  machinists,  painters 
carpenters,  fork  lift  truck  operators,  bookkeepers,  and  steno- 
graphers . 

LABOR  AVAILABILITY 

The  potential  mill  sites  are  located  in  Muhlenberg 
and  Butler  Counties.   The  labor  supply  could  be  drawn  from 
the  area  shown  in  Figure  8-1.   This  area's  population  in  1960 
was  177,387,  and  the  labor  force  numbered  59,683,  (see  Table  8-1) 
There  were  3,782  unemployed  workers,  or  6.3  percent  of  the  labor 
force.   Table  8-2  presents  a  breakdown  of  present  employment  by 
type  of  industry. 

The  Bowling  Green,  Madisonville ,  and  Owensboro  offices 
of  the  Kentucky  Department  of  Economic  Security  have  estimated 
that  9,270  persons  within  the  eight-county  area  are  immediately 
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available  for  employment, 
follows : 


This  figure  may  be  broken  down  as 


Male 

Female 

Total 

600 

1200 

1800 

700 

800 

1500 

1095 

910 

2005 

260 

510 

770 

2200 

1000 

3200 

2855 

4420 

9275 

County 

Muhlenberg 
Hopkins 
Ohio 
McLean 

Butler,  Logan,  Warren, 
and  Edmonson 


Not  all  of  these  people  would  be  available  for  employment  at  a 
specific  site  in  the  immediate  Paradise  area,  due  to  dislike  of 
commuting  and  other  factors.   However,  it  is  estimated  that  2,330 
men  and  2,000  women  would  be  available  for  jobs. 

A  large  number  of  these  available  workers  are  classed 
as  semi-skilled  and  unskilled.   The  unemployed  males  range  in 
age  from  18-60,  with  a  disproportionately  large  number  in  the 
18-21  and  45-60  age  groups.   In  a  recent  survey,   1,200  female 
workers  from  the  Greenville  -  Central  City  area  between  the  ages 
of  18  and  35  made  application  for  employment  at  a  proposed 
plant  in  Greenville.   A  similar  situation  should  produce  a 
minimum  of  600  male  workers  of  the  same  age  group  from  the  same 
area . 

Workers  with  skills  required  by  a  pulp  and  paper  mill 
who  are  currently  seeking  employment  in  the  labor  survey  area 
include  7  millwrights,  13  electricians,  6  machinists,  10  welders, 
20  bookkeepers,  and  23  clerk-stenographers.   These  figures  were 
taken  from  the  active  files  of  the  employment  offices,  and 
experience  has  shown  that,  should  job  opportunities  occur, 
additional  workers  in  these  classifications  would  present  them- 
selves for  employment.   In  addition,  the  figures  were  obtained 
during  a  period  when  employment  in  the  area  had  reached  its 
peak. 

A  composite  of  maximum  and  minimum  wage  rates  for 
several  occupations   is  shown  in  Table  8-3. 


Correspondence  with  Mr.  Howard  Webb,  Employment  Interviewer. 
Kentucky  Department  of  Economic  Security,  Madisonville ,  Kentucky. 
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Labor-management  relations  in  Western  Kentucky  are 
generally  described  as  good.   The  only  union  represented  in  the 
area  is  the  United  Mine  Workers  of  America. 

Table  8-3 

WAGE  RATES  IN  LABOR  SUPPLY  AREA 


OCCUPATION 

Stenographer 

Clerk,  Gen.  Office 

Carpenter,  Const. 

Electrician,  Const. 

Plumber 

Laborer,  Const. 

Machinist,  Machine  Shop 

Lathe  Operator 

Electrician,  Repair  Shop 

Maintenance  Man  (Mechanic) 

Heavy  Equipment  Operator 

Concrete  Finisher 

Sewing  Machine  Operator 

Oiler,  Const. 

Bookkeeper 

Truck  Driver,  Heavy 

Truck  Driver,  Light 

Welder 

Janitor 

Cabinet  Maker 


RANGE 

OF 

HOURLY 

WAGE 

1  RATES 

$1.12 

$1.88 

1.00 

- 

1.38 

1.  50 

- 

3.75 

1.50 

- 

4.03 

1.50 

- 

4.05 

1.15 

- 

2.60 

1.50 

- 

3.33 

1.40 

- 

2.00 

1.50 

- 

3.07 

1.25 

- 

3.65 

1.50 

- 

3.90 

1.50 

- 

3.50 

1.25 

- 

1.60  (] 

1.25 

- 

3.05 

1.25 

- 

1.88 

1.25 

- 

3.03 

1.00 

- 

3.08 

1.25 

- 

2.50 

.75 

- 

1.25 

1.25 

- 

3.00 

(Plus  incentive) 


SOURCE:   Madisonville,  Bowling  Green,  and  Owensboro  offices  of 
Kentucky  Department  of  Economic  Security. 

SUMMARY 

A  nucleus  of  available  workers  exists  with  skills 
representative  of  those  needed  by  a  pulp  and  paper  mill,  as  does 
an  ample  supply  of  semi-skilled  and  unskilled  workers,  who 
could  be  trained  for  most  of  the  other  jobs  in  a  mill. 
Managerial,  supervisory,  and  other  positions  requiring 
experienced  personnel  would  have  to  be  filled  from  outside  the 
labor  supply  area. 
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Section  9 
ANALYSIS  OF  POTENTIAL  MILL  SITES 


Three  potential  sites  were  chosen  for  intensive 
investigation.   Figure  9-1  shows  their  location. 

The  prime  considerations  in  determining  site  adequacy- 
are:   (1)  wood  availability,  (2)  water  availability  and  quality, 

(3)  accessibility  to  rail  transportation,  (4)  accessibility  to 
highway  transportation,  (5)  accessibility  to  barge  transportation, 

(6)  site  topography , and  (7)  power  accessibility  and  cost. 

Wood  availability  is,  of  course  of  prime  importance  in 
the  selection  of  pulp  and  paper  mill  sites.  Hardwood  is  quite 
uniformly  available  in  large  amounts  throughout  Western  Kentucky. 
Softwoods  are  found  in  much  smaller  numbers  in  Western  Kentucky, 
but  no  location  within  the  eight-county  study  area  is 
significantly  superior  with  respect  to  softwood  procurement. 

Water  availability  is  another  critical  factor  in  plant 
site  selection.  The  largest  stream  located  wholly  or  partially 
within  the  study  area  is  the  Green  River.   There  are  a  number  of 
smaller  rivers  within  the  area,  but  all  present  additional 
problems  of  water  availability. 

The  flow  characteristics  of  the  Green  River  are  much 
more  favorable  below  its  juncture  with  the  Barren  River,  near 
Woodbury,  Kentucky.   Therefore,  only  potential  mill  sites 
adjacent  to  the  Green  River,  below  its  confluence  with  the  Barren, 
received  active  consideration. 

Rail  and  barge  transportation  facilities  are  not 
uniformly  favorable  for  the  three  sites.   The  cost  of  extending 
rail  facilities  to  plant  sites  above  Rochester,  Kentucky,  would 
be  significant.   Barge  facilities  also  are  not  uniformly 
satisfactory.   A  9-foot  barge  channel,  capable  of  handling  Ohio 
River  traffic,  extends  to  mile  105.7  of  the  Green  River,  about 
1.1  miles  downstream  from  the  Rochester  site,  but  above  this 
point  there  is  presently  only  a  5^  foot  channel. 

Sites  adjacent  to  the  Green  River  in  Butler,  Muhlenberg, 
and  Hopkins  Counties  are  further  limited  by  topography,  which  is 
generally  one  of  flood  plain  and  hills.   Areas  of  reasonably  level 
land  above  maximum  flood  levels  are  rare. 
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Power  availability  and  cost  provide  further  important 
determinants  of  plant  location.   Coal  is  readily  available  and 
quite  low  in  cost  throughout  the  area  due  to  the  extensive 
mining  operations  in  Muhlenberg  and  surrounding  counties. 
Electrical  power  rates  differ  considerably,  however,  between 
sections  of  the  study  area  that  are  served  by  the  Kentucky 
Utilities  Company  and  areas  that  are  served  by  the  Tennessee 
Valley  Authority.   Natural  gas  is  supplied  throughout  the  area 
by  the  Western  Kentucky  Gas  Company,  but  pipeline  service  is  not 
uniformly  available  to  the  potential  sites. 

The  extensive  coal  mining  operations  in  the  area  ruled 
out  consideration  of  three  sites  in  Muhlenberg  County.   In  two 
cases  land  was  being  held  for  future  stripping  operations,  and 
in  the  third  instance  underground  mining  operations  were  being 
conducted . 

ROCHESTER  SITE 

Location 

This  site  is  located  adjacent  to  the  Green  River  at 
mile  106.8,  approximately  \\    miles  northwest  of  Rochester  and 
one-half  mile  north  of  Kentucky  Highway  70,  as  shown  in  Figure 
9-2. 

Water  Availability  and  Quality 

Treated  (chlorinated)  ground-water  is  available  at 
Drakesboro,  6  miles  west  of  the  site.   Average  daily  production 
in  1957  was  78,900  gallons.   Raw  water  is  available  from  the 
Green  River.   The  Rochester  plant  site  is  about  six  miles  up- 
stream from  the  Paradise  gaging  point,  and  it  is  assumed  that 
flow  and  quality  characteristics  are  very  similar  to  those  at 
Paradise  (see  Table  5-5) .   Maximum  known  flood  stage  at  the 
Rochester  site  was  415  feet  elevation  in  1937. 

Rail  Transportation 

A  spur  of  the  Louisville  &  Nashville  Railroad  currently 
serves  the  TVA  steam-electric  generating  plant  at  Paradise, 
Kentucky.   Between  2.65  and  2.84  miles  of  additional  spur  would 
be  needed  to  serve  the  Rochester  site.   The  L  &  N  has  estimated 
the  cost  of  spur  construction  to  this  site  to  be  in  the  range  of 
$175,000  to  $200,000  per  mile,  resulting  in  a  total  cost  of 
between  $464,000  and  $568,000  to  the  user. 
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Figure  9-2 
ROCHESTER  PLANT  SITE 

Scale  1"  =  2,000' 
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Highway  Transportation 

Kentucky  Highway  70,  a  class  "A"  road  with  a  gross  load 
limit  of  42,000  pounds,  passes  about  one-half  mile  south  of  the 
site.   This  road  connects  with  US  431,  a  class  "AAA"  road  with  a 
load  limit  of  73,280  pounds,  about  7  miles  west  of  the  site. 
Connection  may  also  be  made  with  US  231,  a  class  "AA"  road  with 
a  load  limit  of  59,460  pounds  at  a  point  about  15  miles  east  of 
the  site.   Access  to  the  site  from  State  Route  70  is  by  secondary, 
gravel  and  dirt  road. 

Barge  Transportation 

A  9-foot  channel  on  the  Green  extends  to  within  1.1 
miles  of  the  site.  A  5^  foot  channel  serves  the  site  and  up- 
stream points. 

Electrical  Power 

Tennessee  Valley  Authority  transmission  lines  (161  kv) 
traverse  the  site. 

Natural  Gas 

The  Western  Kentucky  Gas  Company,  which  serves  the  study 
area,  has  stated  that  service  in  sufficient  quantity  for  a  pulp 
and  paper  mill  could  be  extended  to  the  southern  edge  of  the 
Rochester  site  at  no  cost  to  the  customer. 

Topography 

The  site  consists  of  rolling  uplands  overlooking  an 
extensive  flood  plain  and  the  Green  River.   Slopes  range  from 
about  10-30  percent  and  reach  elevations  of  60  feet  above 
maximum  flood  level.   A  moderate  amount  of  leveling  would  be 
required  to  make  the  land  suitable  as  a  plant  site. 

Site  Characteristics 

The  site  contains  a  partly  wooded  pasture,  with  the 
steeper  slopes  more  heavily  wooded.  Daniels  Branch  Creek  enters 
the  Green  from  the  west  adjacent  to  the  plant  site. 

Land  Area 

Approximately  110  acres  of  the  proposed  site  is 
presently  above  maximum  flood  level.   This  could  be  substantially 
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increased  by  leveling  operations.   The  adjacent  areas  of  flood  plain 
offer  300-400  acres  for  possible  spray  or  lagoon  effluent  treatment 
facilities.   There  are  approximately  700  additional  acres  of  flood 
plain  directly  across  the  river  from  the  Rochester  site. 

Geology  and  Soils 

A  subsurface  soil  and  rock  profile  to  a  depth  of  about  20 
feet  is  available  for  an  upland  location  at  the  Rockport  site 
(see  Figure  9-4) .   Although  no  such  data  is  available  for  the 
Rochester  site,  indications  are  that  the  underlying  rock  structures 
are  similar.   There  are,  however,  several  geologic  fault  lines, 
which  traverse  or  are  immediately  adjacent  to  the  Rochester  site, 
making  the  geologic  structure  and  ground  water  occurrence  in  the 
area  are  slightly  less  predictable. 

Present  Ownership 

The  site  is  individually  owned. 

ROCKPORT  SITE 

Location 

This  site  is  located  adjacent  to  the  west  bank  of  the 

Green  River  at  mile  94.8  between  the  Western  Kentucky  Turnpike  on 

the  south  and  US  62  on  the  north.   The  village  of  Rockport  lies 

directly  across  the  Green  River  from  the  proposed  plant  site. 
(See  Figure  9-3) . 

Water  Availability  and  Quality 

The  village  of  Rockport  utilizes  the  Green  River  as  a 
source  of  municipal  water,  but  data  on  water  treatment  facilities 
at  Rockport  are  not  available.   The  Rockport  site  is  about  five 
miles  downstream  from  the  Paradise  gaging  station,  so  flow  and 
quality  characteristics  at  Paradise  will  essentially  apply  to 
Rockport.   Wells  in  this  vicinity  generally  yield  well  under  100 
gallons  per  minute.   Maximum  flood  level  at  the  Rockport  site 
reached  about  411  feet  elevation  in  1937. 

Rail  Transportation 

The  Illinois  Central  Railroad  traverses  the  Rockport  site. 
Any  trackage,  in  addition  to  turnouts  and  track  laid  on  the  present 
railroad  right  of  way,  will  cost  about  $10  per  foot,  exclusive  of 
grading . 
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Highway  Transportation 

The  Western  Kentucky  Turnpike  and  US  62  border  the  site, 
US  62  is  a  class  "AAA"  highway  with  a  73,280  pound  load  limit. 
It  is  safe  to  assume  that  the  Western  Kentucky  Turnpike  has  load 
limits  at  least  this  high. 

Barge  Transportation 

A  9-foot  channel  extends  to  the  Rockport  site  on  the 
Green  River.   A  disadvantage  of  this  site,  however,  is  that  there 
is  no  land  above  flood  level  immediately  adjacent  to  the  river 
for  the  construction  of  terminal  facilities. 

Electrical  Power 

Kentucky  Utilities  Company  power  lines  (66  kv)  traverse 
the  Rockport  site.   A  132  kv  Kentucky  Utilities  line  passes  less 
than  one  mile  north  of  the  site. 

Natural  Gas 

The  Western  Kentucky  Gas  Company  estimates  the  cost  of 
extending  72,000  feet  of  4-inch  pipeline  to  provide  adequate 
service  to  a  user  of  four  billion  Btu  daily,  330  days  annually, 
to  the  Rockport  site  at  $95,000. 

Topography 

The  Green  River  flood  plain  is  about  one-half  mile  wide 
on  the  west  side  of  the  river  at  the  plant  site.   The  actual  area 
proposed  for  the  mill  location,  between  the  Western  Kentucky 
Turnpike  and  the  Illinois  Central  Railroad,  is  relatively  level 
and  above  maximum  flood  stage.   The  hilly  area  between  the  rail- 
road and  US  62  is  quite  rough,  with  slopes  of  approximately 
30  percent. 

Site  Characteristics 

About  50  percent  of  the  site  is  forested  with  hard- 
woods.  A  gravel  road  roughly  parallels  the  Illinois  Central 
right  of  way  and  provides  access  to  the  site  from  US  62.   Another 
secondary  road  crosses  the  Western  Kentucky  Turnpike  at  the  plant 
site  by  means  of  an  overpass. 
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Land  Area 

The  level  upland  area  proposed  for  the  mill  site  proper 
occupies  roughly  40  acres.   An  adjacent  area  of  flood  plain 
amounting  to  about  100  acres  is  available  for  potential  lagooning 
or  spraying  of  effluent.   (Additional  flood  plain  amounting  to 
severl  hundred  acres  is  available  north  of  US  62  and  south  of 
the  Western  Kentucky  Turnpike) .   A  third  section  of  the  plant 
site  consists  of  a  rough,  forested  area  of  about  125  acres.   The 
Peabody  Coal  Company,  owner  of  the  site,  has  stipulated  that  no 
permanent  structures  may  be  placed  on  this  third  section,  since 
stripping  operations  are  anticipated  there  in  the  future. 

Geology  and  Soils 

Both  an  upland  and  a  flood  plain  soil  and  rock  profile 
are  available  for  the  Rockport  site  (see  Figure  9-4) .  The  exact 
location  of  these  profiles,  taken  during  the  construction  of  the 
Western  Kentucky  Turnpike, is  indicated  on  the  accompanying  map 
of  the  Rockport  site.  The  "loosely  cemented"  sandstones  under- 
lying much  of  this  area  are  estimated  to  have  a  support  capacity 
of  about  8,000  pounds  per  square  foot. 

Present  Ownership 

The  Rockport  site  is  presently  owned  by  the  Peabody 
Coal  Company,  St.  Louis,  Missouri.   This  company  has  stated 
that  the  land  is  available  as  a  mill  site,  provided  (1)  no 
permanent  structures  are  placed  on  the  hilly  upland  section 
between  the  Illinois  Central  rail  line  and  US  62, and  (2)  the 
proposed  mill  purchase  coal  from  the  Peabody  Coal  Company. 

MORGANTOWN  SITE 

Location 

This  site  is  located  on  the  east  bank  of  the  Green 
River  at  mile  135  near  US  231,  approximately  seven  miles  north- 
west of  Morgantown.   (See  Figure  9-5) . 

Water  Availability  and  Quality 

The  community  of  Morgantown,  located  about  8  miles 
upstream  from  the  site,  has  a  municipal  treatment  plant  for  Green 
River  water.   Treatment  involves  settling,  coagulation,  clorina- 
tion,  and  filtration.   An  average  of  78,600  gallons  is  supplied 
daily.   Raw  process  water  is  available  from  the  Green  River  at 
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Figure  9-4 
FOUNDATION  CONDITIONS,  ROCKPORT  PLANT  SITE 
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the  site.   Although  the  Morgantown  site  is  about  35  miles 
upstream  from  the  Paradise  gaging  point,  no  sources  significantly 
affect  water  quality  or  flow  between  these  two  points.  River 
discharge  and  quality  data  collected  at  Paradise  should  apply  to 
the  Morgantown  site.   Maximum  known  flood  level  at  the  Morgantown 
site  reached  about  427  feet  elevation  in  1937. 

Rail  Transportation 

A  nine-mile  rail  spur  would  have  to  be  constructed  to 
the  Morgantown  site  from  existing  spur  which  extends  southward 
and  connects  with  the  Illinois  Central  line  serving  Beaver  Dam 
and  Rosine.   The  Illinois  Central  estimates  the  total  cost  of  the 
extension,  including  grading,  drainage,  trackage,  grade  crossings, 
and  contingencies,  at  $770,000. 

Highway  Transportation 

US  231,  a  class  "AA"  road  with  a  gross  load  limit  of 
59,640  pounds,  borders  the  eastern  edge  of  the  mill  site.  The 
Western  Kentucky  Turnpike  passes  about  8  miles  north  of  the  site. 

Barge  Transportation 

A  5^-foot  channel  serves  the  Morgantown  site. 

Electrical  Power 

A  69  kv  TVA  power  line  serves  Morgantown,  seven  miles 
southeast  of  the  proposed  site.   Smaller  TVA,  farm-oriented 
power  lines  are  found  on  and  adjacent  to  the  site.   There  are 
no  high-tension  lines  near  the  site  at  present,  but  TVA  has 
stated  that  69  kv  lines  could  be  extended  to  the  site  at  no 
cost  to  the  customer  if  demand  and  monthly  energy  amounted  to 
about  10,000  kv  and  7,000,000  kwh,  respectively.   At  appreciably 
smaller  loads,  the  customer  would  be  expected  to  bear  some  part 
of  the  cost. 

Natural  Gas 

The  Western  Kentucky  Gas  Company  estimates  the  cost 
of  extending  pipeline  service  to  the  site  at  $35,000,  if  the 
mill  uses  4  billion  Btu  per  day,  330  days  per  year.   There  is  a 
pipeline  through  Butler  County, operated  by  Midwestern  Gas 
Transmission  Company,  a  subsidiary  of  Tennessee  Gas.  This  is  a 
captive  pipeline,  however,  and  if  a  tap  were  available  the  cost 
of  gas,  as  now  filed  with  the  Federal  Power  Commission,  would  be 
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54C  per  million  Btu.   The  Western  Kentucky  Gas  Company  will 
retail  gas  to  a  user  having  the  above  requirements  at  36.  5£  per 
million  Btu. 

Topography 

The  Morgantown  site  is  situated  on  the  east  bank  of 
the  Green  and  includes  an  area  of  hills  and  uplands  above 
maximum  flood  levels,  plus  an  area  of  flood  plain  available  for 
possible  lagooning  of  effluent.  The  upland  acreage  at  the 
Morgantown  site  is  relatively  flat  and  less  leveling  would  be 
necessary  than  at  the  other  sites. 

Site  Characteristics 

The  steeper  slopes  and  hillsides  are  characterized  by 
a  cover  of  hardwoods.   Much  of  the  level  upland  area  has  been 
cleared,  and  farming  is  being  carried  on.   Two  homes  and  a  few 
other  farm  buildings  are  presently  on  the  site.   Present 
access  is  by  a  dirt  road  connecting  with  US  231 . 

Land  Area 

The  site  consists  of  approximately  180  acres  of  up- 
land and  a  slightly  smaller  acreage  in  flood  plain.   Another 
adjacent  area  of  flood  plain  is  located  southeast  of  the  site. 
This  area  could  provide  at  least  an  additional  300  acres  for 
lagooning  or  spraying  of  effluent. 

Geology  and  Soils 

Less  is  known  regarding  soils  and  geology  at  the 
Morgantown  site  than  at  either  the  Rockport  or  Rochester  sites. 
In  the  immediate  vicinity,  a  sandstone  outcrops  that  is  very 
similar  to  that  found  at  the  other  two  sites. 

Present  Ownership 

The  site  is  individually  owned. 

SUMMARY 

Table  9-1  presents  a  comparison  of  some  of  the  more 
pertinent  characteristics  for  the  three  mill  sites. 
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Table  9-1 

COMPARISON  OF  SELECTED  CHARACTERISTICS 
AT  POTENTIAL  MILL  SITES 


ITEM 

Necessary  rail  construction 

(miles) 
Barge  Channel  (feet) 
Electric  Power 
Plant  Site  Acreage 
Lagooning  Acreage 
Highway  Classification 


ROCHESTER 

ROCKPORT 

MORGANTOWN 

3 

0 

9 

5h 

"'2 

sh 

TVA 

KU 

TVA 

110 

40 

180 

Ample 

Ample 

Ample 

"A" 

"AAA" 

"AA" 

All  three  of  the  suggested  sites  have  disadvantages. 
One  of  the  severest  limitations  of  all  the  sites  is  topography: 
it  is  almost  impossible  to  find  a  sizeable  area  adjacent  to  the 
Green  River  and  above  maximum  flood  levels  which  would  not 
require  extensive  leveling.  The  intensive  surface  coal  mining 
operations  being  conducted  in  Muhlenberg  and  Butler  Counties 
further  prohibit  the  use  of  otherwise  acceptable  locations.  The 
potential  sites  which  were  chosen  for  analysis  are  the  best  which 
appear  to  be  available,  but  they  are  far  from  ideal. 

The  chief  advantages  of  the  Rockport  site  are  the 
existence  of  on-site  rail  service  and  accessibility  to  a  class 
"AAA"  highway.   In  addition,  a  9-foot  barge  channel  is  available. 
Against  these  advantages  must  be  weighed  the  disadvantages  of  the 
small  acreage  available  as  a  permanent  mill  site  and  the 
difficulty  of  constructing  a  barge  terminal  which  would  be  usable 
during  floods. 

The  Rochester  site  possesses  the  following  advantages: 
barge  loading  and  unloading  facilities  usable  at  all  times; 
relatively  inexpensive  TVA  power;  and  a  larger  acreage  suitable 
for  location  of  the  mill  proper  than  at  Rockport.   Gas  facilities 
are  available,  but  this  does  not  add  to  the  site's  value,  since 
coal  would  be  less  costly.   The  chief  disadvantages  are  the 
class  "A"  highway  and  the  necessity  of  rail  construction  at  a 
cost  of  about  $500,000. 

The  Morgantown  site  has  the  following  advantages:   it 
is  located  about  40  miles  upstream  from  Rockport,  the  nearest 
downstream  community  using  the  Green  River  as  a  source  of 
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municipal  water  supply;  it  contains  a  large  area  of  relatively 
level  land  above  flood  plain  and  a  large  area  of  flood  plain  for 
lagooning  or  spraying  of  effluent;  its  location  is  within  the 
TVA  electrical  power  service  area,  and  it  is  served  by  a  class 
"AA"  highway.   On  the  other  hand,  an  expenditure  of  about 
$770,000  would  be  necessary  for  rail  construction,  and  a  mill 
with  comparatively  small  electrical  power  requirements  would  be 
expected  to  bear  some  of  the  cost  of  extending  TVA  high-tension 
power  lines  to  the  site. 

Selection  of  a  particular  site  might  depend  upon  the 
type  of  mill  established.   The  Morgantown  site  would  probably 
be  superior  for  a  large  mill  with  extensive  acreage  requirements. 
In  the  event  that  effluent  problems  were  more  serious  than 
anticipated,  this  site's  greater  distance  from  municipal  water 
intakes  might  also  be  a  significant  advantage.  The  Rockport  site, 
which  boasts  excellent  highway  and  rail  facilities,  might  be 
suitable  for  a  small  mill.  Finally,  the  Rochester  site  might  be 
suitable  for  a  mill  with  intermediate  land  requirements. 
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Section  10 
TRANSPORTATION 


The  area  containing  the  three  potential  mill  sites 
is  served  by  rail,  truck,  and  river  barge  transportation. 
All  are  suitable  for  shipping  paper  and  paperboard  products. 

As  noted  in  Section  9,  rail,  truck,  and  barge 
facilities  are  not  uniformly  available  at  the  three  sites. 
Significant  expenditures  would  be  necessary  to  extend  rail 
service  to  the  Rochester  and  Morgantown  sites.   Class  "AAA" 
highways  serve  Rockport ,  a  class  "AA"  highway  serves  Morgan- 
town,  and  a  class  "A"  road  serves  Rochester.*   Since  truck 
shipments  of  paper  products  probably  would  exceed  50,000  pounds 
highway  load  limits  constitute  a  serious  limitation  at  the 
Rochester  site.   It  should  be  noted  that  connections  with  a 
class  "AA"  highway  can  be  made  within  seven  miles  of  the 
Rochester  site  (see  Figure  10-1) . 

The  Rockport  site  is  served  by  a  9-foot  channel, 
capable  of  handling  600-ton  barge  loads.   The  Rochester  and 
Morgantown  sites  are  served  by  only  a  5^-foot  channel,  which 
is  limited  to  barge  loads  of  500  tons.   However,  the  9-foot 
channel  presently  extends  to  within  1.1  miles  of  the  Rochester 
site,  and  the  Corps  of  Engineers  has  recently  undertaken  a 
study  of  the  feasibility  of  an  extension  to  Lock  No.  3,  which 
is  located  almost  a  mile  upstream  from  this  site.   One  of  the 
coal  companies  operating  in  the  area  recently  extended  the 
9-foot  channel  2.7  miles,  and  there  is  a  possibility  that  one 
or  more  of  these  companies  will  extend  the  channel  even  further 

Figure  10-2  shows  inland  waterways  of  the  Eastern 
United  States  which  have  a  channel  depth  of  six  feet  or  more. 

PULPBOARD 

Corrugating  medium,  hardboard,  and  insulation  board 
fall  within  the  "pulpboard"  category  for  purposes  of  commodity 
rate  determination.   Table  10-1  presents  a  comparison  of  rail, 
barge,  and  truck  rates  to  six  cities  for  these  products. 


*   Maximum  load  limits:  "AAA"  -  73,280  pounds;  "AA"  -  59,640 
pounds;  "A"  -  42,000  pounds;  "B"  -  30,000  pounds. 
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These  are  line-haul  rates  and  do  not  include  any 
transfer,  switching,  or  related  charges. 

Rail  rate  "D"  is  lower  than  the  barge  rates  to  Chicago, 
St.  Louis,  Louisville,  and  Nashville.   Truck  rates  are  quite 
attractive  when  compared  with  rail  rate  "A",  which  is 
comparable  on  a  minimum  weight  basis.   In  fact,  the  truck  rate 
to  Nashville  is  lower  than  either  of  the  rail  or  barge  rates, 
and  is  lower  than  four  of  the  six  rail  and  barge  rates  to 
Louisville.   It  appears  that  for  smaller  orders  and  for  rapid 
delivery  truck  transportation  would  be  quite  efficient. 

Barge  rates  suffer  even  more  in  comparison  with  rail 
when  the  additional  barge  handling  charges  are  considered. 
Table  10-2  presents  estimates  of  the  various  handling  charges 
associated  with  barge  shipments  of  corrugating  medium.   For 
example,  if  a  barge  shipment  to  Cincinnati  were  transferred 
directly  into  a  rail  car  or  truck  and  delivered  to  customers 
(box  plants) ,  the  handling  charge  would  be  $3.30.   The  barge 
shipments  costs,  when  this  amount  is  added  to  the  line-haul 
rates,  then  become  $7.63  and  $7.80  for  rate  "E"  and  "  F"  , 
respectively.   These  charges  exceed  all  of  the  rail  rates 
except  "A".   In  Memphis,  transfer  and  drayage  charges  amount 
to  $2.85  -  $3.25,  bringing  the  barge  costs  to  $7.59  -  $7.99  for 
rate  "E"  and  $7.77  -  $8.17  for  rate  "F".*   Again,  these  figures 
exceed  all  rail  rates  except  "A".   Thus,  it  must  be  concluded 
that  barge  transportation  would  not  be  feasible,  even  to 
Cincinnati  and  Memphis.** 


*  If  it  were  necessary  to  store  the  shipments  at  the 
barge  terminal  before  delivery  to  customers,  the  handling 
charges  would  be  increased  to  $4.05  in  Cincinnati  and  to 
$5.85-  $6.25  in  Memphis. 

**  It  is  possible  that,  as  the  various  barge  terminals 
gained  experience  in  handling  corrugating  medium,  the 
handling  charges  could  be  reduced.   However,  reductions  great 
enough  to  alter  the  above  conclusion  do  not  appear  likely. 
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FINE  PAPERS  AND  PRINTING  PAPERS 

Line-haul  transportation  rates  are  given  for  these 
products  in  Table  10-3. 

Barge  rates  are  lower  than  rail  rate  "D"  only  for 
shipments  to  Cincinnati,  but  the  inclusion  of  barge  handling 
charges  gives  the  advantage  to  rail.   The  truck  rates  to 
Louisville  and  Nashville  are  lower  than  either  of  the  rail  or 
barge  rates,  and  are  lower  than  8  of  12  rail  rates  quoted  to 
Boston,  New  York,  and  Philadelphia. 

Barge  transportation  of  fine  papers  and  printing 
papers  from  the  Paradise  area  is  not  feasible.   Truck  rates 
are  more  favorable  for  these  products  than  for  pulpboard; 
accordingly,  it  appears  that  the  proportion  of  truck  shipments 
could  be  greater  than  for  pulpboard. 

CHEMICALS  AND  WASTEPAPER 

The  costs'  of  shipping  chemicals,  wastepaper,  and  pulp- 
wood  are  also  relevant  to  this  analysis.   Pulpwood  shipping 
costs  were  discussed  in  Section  4. 

Table  10-4  lists  barge  and  rail  rates  to  Paradise 
for  various  chemicals  used  in  the  NSSC  and  kraft  processes, 
and  Table  10-5  summarizes  this  data.   Estimated  barge  rates  are 
considerably  lower  than  rail  for  three  of  the  items  (caustic 
soda,  chlorine,  and  sulphur) . 

Barge  shipments  of  sulpher  to  an  NSSC  mill  should  be 
considered.   The  savings  would  amount  to  $2.70  per  ton  of 
sulphur,  or  $0.00135  per  pound.   At  85  pounds  of  sulphur  per 
ton  of  pulp,  the  savings  would  be  $0.11475  per  ton  of  pulp; 
for  a  250-ton  mill  this  would  amount  to  about  $9,500  per 
year.   Assuming  a  barge  minimum  weight  of  600  tons,  one  ship- 
ment would  provide  a  56-day  supply  of  sulphur.   Thus,  invest- 
ment in  warehousing  facilities,  in  addition  to  barge  terminal 
facilities,  would  be  necessary.   The  incremental  costs 
incurred  through  the  operation  of  such  facilities  would  reduce 
the  savings  considerably. 

For  a  300-ton  kraft  mill,  the  savings  resulting  from 
barge  transportation  of  caustic  soda  and  chlorine  would 
approach  $35,000  annually.   Expenditures  for  warehousing  and 
terminal  facilities  might  well  be  justified  by  a  savings  of 
this  amount „ 


10-7 


ro 

I 

O 


rQ 

ro 


O 
OS 


g 

H 

En 

S3 


CO  1/1 
W  OS 
Eh    W 

oS  < 

a, 
S3 
O 
H 
Eh 
< 
Eh 

OS  H 
O  OS  • 
Ot  0*  w 
CO 

Q    H 

a  q 


3 


u   o 


I 

W 
a  W 

H    a 
J     H 

Cm 


CO  < 
OS  0, 
W 

< 


QJ 

Oh 


O 
Q 


* 
* 

X 

u 

D 
Eh 


o 

o 

o 

in 

in 

m 

m 

m 

CO 

+J 

c3 

o 

rH 

CM 

en 

in 

en 

o 

CO 

CM 

0 

rQ 

QJ 

rsj 

CO 

<tf 

r- 

CO 

CM 

CO 

<ff 

00 

rH 

H 

rH 

r-l 

rH 

CO 

c 

■H 

0) 

rH 

■H 

rH 
•H 
> 

CO 

■H 
3 

r- 

"5t 

r- 

cn 

CO 

00 

-P 

e 

0 

LT) 

LO 

in 

CO 

<tf 

CN 

rC 

cn 

CO 

CO 

i 

rH 

En 

o 

r-l 

r- 

in 

m 

<D 

CO 

•H 

01 

g 

3 

C 

0 

p 

o 
o 

c 

0 
P 

o 
o 

u 

CJ 
H 

p 

S-l 

>1 
P 

■H 

rH 
0 

r^ 

^o 

co 

r^ 

<tf 

CM 

e 

\0 

m 

0> 

X 

rH 

r\i 

oo 

CO 

CM 

cn 

■H 

c 

1 

i 

a 

4-> 

w 

o 

r-l 

r> 

in 

in 

eO 

r- 

•H 

e 

01 

cn 

H 

ro 

w 

En 

o 
o 

00 

0) 
P 

alley    A 
lroad. 

O 

o 

o 

o 

O 

o 

o 

o 

O 

CQ 

ro 

>      -rH 

<tf 

CO 

^ 

CO 

CM 

CM 

CO 

<tf 

O 

H 

ro 

Q 

* 

QJ    Pi 

r^ 

in 

■tf 

LO 

^D 

^r 

rH 

oo 

r-H 

oo 

rH 

* 

cn 
c 

•H 
P 
CO 
•H 

0) 

CO     rH 

co    ro 

QJ         rH 

C   -P 

c   c 

o 

o 

o 

o 

O 

o 

O 

O 

O 

X 

QJ     QJ 

in 

r^ 

r-l 

r» 

00 

cn 

o 

-3" 

o 

QJ 

Eh    U 

U 

co 

co 

in 

<o 

r- 

^r 

r-l 

in 

rH 

in 

rH 

C 
ro 

rC 

P 

-     CO 

rC     tH 

u  o 

c  c 

(0     -rH 

U     rH 

o 

o 

o 

o 

o 

o 

o 

o 

O 

0 

PQ     rH 

in 

in 

r» 

in 

T—l 

in 

oj 

•sf 

o 

rC 

• 

H 

PQ 

P 

CO 

CO 

cn 

r* 

U0 

r^ 

CO 

in 

cn 

rH 

rH 

rH 

ro 

rH 

p 

£ 
O 
P 

-P 

•H    ti 

E    ro 

0    0 

C   u 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

CO 

CO 

CO 

ro 

QJ 

0     rH 

Ul 

00 

00 

00 

0> 

H 

<N 

CN 

00 

CO 

13 

T5 
C 

C 

E 

■H 

C 

U     -rH 

W    ro 

< 

o 

CO 

«X> 

CO 

CO 

c0 

r-l 

cn 

CO 

P 

3 

3 

3 

3 

P 

CO 

OS 

1— 1 

CN 

rH 

rH 

rC 

cn 

■H 
OJ 

6 

3 

0 
O, 

o 
o 
o 

CD 

0 

Ch 

o 
o 
o 

o 

0 

Oh 

O 
O 
O 

O 

o 

a 

o 
o 
o 

o 

CO 
QJ 

P 
CO 

o 

U 

rH 

T3 

c 

ro 

CO 

C 

(3 

O     QJ 

■H     rH 
P      rH 
fD     -rH 

en  > 

•H     rC 

>     CO 

ro 

e 

00 

in 

r^ 

cn 

c 

0 

ro   ro 

•H 

•H 

0 

•rH 

a  S 

Oi 

•rH 

rC 

C 

1 

I 

1 

i 

P 

co 

r-l 

P 

01 

On 

-H 

T3 

CJ 

•rH 

r-l 

ro 

r-l 

X 

rH 

e 

< 

m 

u 

Q 

QJ 

QJ 

•• 

0 

3 

■-H 

C 

CO 

rH 

u 

<U 

CO 

rH 

CO 

en 

0 

> 

C 

•rH 

•rH 

C 

0 

TS 

rH 

ro 

-H 

W 

fO 

J 

CO 

•rH 

rC 

> 

0 

>H 

ro 

■rH 

PQ 

T3 

u 

u 

■rH 

u 

Ol    rC 

P 

rH 

ro 

OS 

•  • 

■H 

• 

3 

c 

e 

to 

CO 

3 

•H 

OS 

* 

D 

o 

rC 

P 

0 

•H 

01 

ro 

0 

Oi 

rC 

* 

O 

Eh 

u 

CO 

rH 

u 

£ 

23 

PQ 

a 

Cm 

* 

* 

CO 

10-8 


Table  10-4 

ESTIMATED  LINE-HAUL  TRANSPORTATION  RATES  ON 
INBOUND  CHEMICALS  TO  PARADISE,  KENTUCKY 
(Per  Ton) 


ORIGIN  BARGE  RAIL 


Baton  Rouge,  La. 
Calvert  City,  Ky . 
Corpus  Christi,  Tex 
Evans  City,  Ala. 
Houston,  Tex. 
Huntsville,  Ala. 
Louisville,  Ky . 
Memphis,  Tenn . 
Natrium,  W.  Va . 
Saltville,  Va . 


Baton  Rouge,  La. 
Calvert  City,  Ky . 
S.  Charleston,  W.  Va . 
Corpus  Christi,  Tex. 
Evans  City,  Ala. 
Houston,  Tex. 
Huntsville,  Ala. 
Lake  Charles,  La. 
Louisville,  Ky . 
Memphis,  Tenn. 
Natrium,  W.  Va . 
Saltville,  Va . 


Baton  Rouge,  La. 
Cincinnati,  Ohio 
Louisville,  Ky . 
St.  Louis,  Mo. 
Houston,  Tex. 
Lowland,  Tenn. 
Coosa  Pines,  Ala 


Liquid 

Caustic 

Soda 

$3.60 

$7.80 

0.90 

2  .80 

5.50 

9.15 

1.75 

5.05 

4.95 

9.15 

2.00 

5.10 

0.95 

2.80 

1.85 

5.25 

2.65 

7.70 



7.55 

Liquid 

Chlorine 

Gas 

6.80 

20.50* 

1.70 

6.00 

4.40 

15.80* 

10.40 

24.50 

3.35 

12  .00 

9.35 

23.80* 

3.75 

12  .00 

8.25 

21.60* 

1.80 

6.50 

3.45 

12.10 

5.00 

17.80* 



9.00 

Salt  Cake 

(Sodium 

Sulphate) 

7.70 

9.70* 

4.35 

5.90* 

4.10 

4.70* 

5.50 

5.90* 

8.80 

11.40 



7.30* 



7.10* 
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Table  10-4  (continued) 

ORIGIN                             BARGE  RAIL 

Soda  Ash  (Sodium  Carbonate) 

Baton  Rouge,  La.                $  7.71*  $14.80 

Corpus  Christi,  Tex.             10.55  15.60 

Lake  Charles,  La.                 8.80  12.10 

Freeport ,  Tex.                     8.80  13.80 

St.  Louis,  Mo.                     5.51*  7.30* 

Saltville,  Va .                    12.30 

Sodium  Sulfite 

St.  Louis,  Mo.                     5.50  7.45 


5. 

50 

Su 

lphur 

3. 

,35  ' 

3. 

,75 

Port  Sulphur,  La.  3.35  8.55 

Galveston,  Tex.  3.75  8.55 


*Present  rate 

SOURCE:   Navigation  Economics  Branch,  Tennessee  Valley  Authority 
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Table  10-5 

LOWEST  TRANSPORTATION  CHARGES 
ON  INBOUND  CHEMICALS  TO 
PARADISE,  KENTUCKY 
(Dollars  Per  Ton) 


Item  Origin  Barge  Rail 

Liquid  Caustic  Soda  Calvert  City,  Ky .  0.90  2.80 

Liquid  Chlorine  Gas  Calvert  City,  Ky .  1.70  6.00 

Salt  Cake  Louisville,  Ky .  6.60*  4.70 

Soda  Ash  St.  Louis,  Mo.  8.01*  7.30 

Sodium  Sulfite  St.  Louis,  Mo.  8.50*  7.45 

Sulphur  Port  Sulphur,  La.  5.85**  8.55 


*    Exact  location  of  originating  plant  not  known.   Charge 
includes  $2.50  per  ton  for  hauling  to  barge  and  loading. 


**   Originating  plant  not  located  on  waterfront.   Charge 
includes  $2.50  per  ton  for  hauling  to  barge  and  loading. 
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Rail  rates  for  wastepaper  shipments  to  Paradise  from 
five  cities  within  a  250-mile  radius  are  shown  in  Table  10-6. 
Used  corrugated  boxes  or  box  plant  trimmings  provide  the  long- 
fiber  materials  for  NSSC  corrugating  medium,  with  about  300 
pounds  per  ton  of  pulp  required. 

Table  10-6 

RAIL  TRANSPORTATION  RATES  ON 
WASTEPAPER  TO  PARADISE,  KENTUCKY 
(Dollars  Per  Ton) 

Minimum  Weight  (pounds) 


ORIGIN 

30.000 

40.000 

50.000 

60.000 

70.000 

80.000 

Louisville 

5.90 

4.70 

4.30 

3.90 

3.50 

3.10 

Cincinnati 

8.30 

6.90 

6.30 

5.70 

5.10 

4.50 

Memphis 

8.90 

7.10 

6.50 

5.90 

5.30 

4.70 

Nashville 

5.30 

4.10 

3.70 

3.30 

2.90 

2.70 

St .  Louis 

8.30 

6.90 

6.30 

5.70 

5.10 

4.50 

SOURCES:   Illinois  Central  Railroad,  Louisville  &  Nashville 
Railroad . 


SUMMARY 

The  products  of  NSSC,  bleached  kraft,  and  hardboard- 
insulation  board  mills  would  be  shipped  by  rail  and  truck.   If 
a  mill  were  established  at  the  Rochester  or  Morgantown  sites 
it  would  be  necessary  to  construct  rail  lines,  with  the  cost 
ranging  from  $465,000  -  $770,000.   Barge  transportation  would 
be  economical  only  for  the  caustic  soda  and  chlorine  require- 
ments of  a  bleached  kraft  mill. 
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Section  11 
MARKET  ANALYSIS 


The  preceding  analysis  of  technical  factors  has 
indicated  that  either  a  neutral  sulfite  semichemical ,  bleached 
kraft,  or  hardboard-insulation  board  mill  would  be  technically 
feasible  in  the  Paradise  area.   Accordingly,  markets  were 
investigated  for  the  following  products  produced  at  a  site 
within  the  study  area:   (1)  semichemical  corrugating  medium, 
(2)  bleached  kraft  printing  papers  and  fine  papers,  and  (3) 
hardboard  and  insulation  board  (building  board) . 

Domestic  production  and  consumption  of  paper  and 
paperboard  has  expanded  rapidly  during  the  past  few  decades,  as 
shown  in  Table  11-1  and  Figure  11-1.   This  expansion  reflects 
a  substantial  increase  in  per  capita  consumption  as  well  as 
an  increase  in  population.   Per  capita  consumption  of  these 
products  has  roughly  doubled  since  just  prior  to  World  War  II  - 
from  244  pounds  in  1939  to  about  457  pounds  in  1962 . 

Vertical  integration  has  accompanied  the  widespread 
and  rapid  growth  of  the  paper  and  board  industry  in  the  post- 
war period.   The  process  has  involved  (1)  a  backward  movement 
to  acquire  forest  resources  in  order  to  assure  an  adequate 
supply  of  raw  materials,  and  (2)  a  forward  movement  to  purchase 
converters  and  wholesalers.   This  trend  toward  "captive  markets" 
for  mill  production  has  resulted  in  a  broadening  of  the  product 
lines  produced  and  marketed  by  individual  companies.   It 
appears  that  the  trend  will  continue  in  the  future. 

The  paper  and  board  industry  has  become  quite 
competitive.   The  resulting  price  structure,  though  reducing 
earnings  to  some  degree,  has  prevented  the  easy  entry  of 
competitive  materials,  thus  enabling  the  industry  to  retain 
some  markets  that  otherwise  might  well  have  been  lost. 

FUTURE  DEMAND  FOR  PAPER  AND  BOARD  PRODUCTS 


Estimates  of  future  demand  for  paper  and  paperboard 
can  be  made  in  at  least  three  ways:   (1)  by  past  consumption 
trends;  (2)  by  projecting  separately  the  past  trends  in  popula- 
tion and  per  capita  consumption;  or  (3)  by  correlation  analysis 
The  latter  technique  involves  measuring  independent  variables 
having  an  observed  relationship  with  paper  consumption  (the 
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dependent  variable)  and,  on  the  basis  of  these  measurements  and 
certain  further  assumptions,  forecasting  the  future  consumption 
of  paper  and  paperboard . 

This  study  presents  estimates  of  future  demand  for  paper 
and  paperboard  products  based  on  the  first  and  second  methods  of 
projection  discussed  above.   These  estimates  are  then  compared  with 
projections  recently  made  by  the  Business  and  Defense  Services 
Administration  of  the  U„  S.  Department  of  Commerce,  which  used  the 
correlation  analysis  technique. 

The  BDSA  demand  estimates  were  made  for  each  of  the 
various  product  groups  of  the  U.  S.  paper  and  paperboard  industry. 
Two  projections  were  made  to  1970,  differing  only  in  that  the 
assumed  rate  of  growth  of  Gross  National  Product  was  different. 

The  projection  referred  to  as  "A"  assumes  a  long-term 
GNP  increase  of  3  percent  annually,  while  "B"  assumes  growth  rate 
of  3o5  percent  through  1963  and  4  percent  thereafter.   Projection 
" B"  appears  to  be' somewhat  more  in  line  with  experienced  growth  of 
the  national  economy  in  the  post-war  period.   These  projections 
for  product  groups  are  presented  in  Table  11-12.   Any  method  of 
forecasting  is  subject  to  a  considerable  margin  of  error,  and  the 
results  obtained  should  be  accepted  with  this  in  mind.   Inherent 
in  the  projections  of  future  demand  are  the  assumptions  that  past 
trends  will  continue  and  that  extraneous  factors  and  disturbing 
elements  will  be  absent. 

PRINTING  PAPERS 

This  grade  group  includes  the  following  products: 
(1)  groundwood  paper,  uncoated;  (2)  paper,  machine-coated; 
(3)  printing  and  converting  paper;  and  (4)  book  paper,  uncoated. 

The  following  analysis  does  not  apply  to  groundwood 
papers,  since  the  preceding  analysis  has  ruled  out  the  type  of 
mill  required  for  their  production.   Groundwood  paper  accounted 
for  18.4  percent  of  total  printing  paper  production  according  to 
the  1962  current  Industrial  Report  Series,  The  remaining  81.5  per- 
cent was  divided  between  coated  printing  and  converting  paper 
(2,275,380  tons)  and  uncoated  book  paper  (1,730,829  tons). 


1 
For  an  example  of  this  type  of  forecasting,  see  Pulp, 

Paper  and  Board  Supply-Demand,  Business  and  Defense  Services 

Administration,  U „  S   Department  of  Commerce,  House  Report  693, 

88th  Congress,  1st  Session,  1963. 
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Market  Structure 

Interregional  trade  in  printing  papers  cannot  be 
accurately  determined  because  of  inadequate  data;  however,  a 
fairly  good  indication  of  the  movement  can  be  obtained  by- 
piecing  together  information  from  various  sources. 

Producing  and  consuming  areas  for  printing  papers 
are  in  fairly  close  proximity.   Printing  papers  are  largely 
manufactured  in  the  East  North  Central,  Middle  Atlantic,  and 
New  England  States.   In  1958,  38.5  percent  of  total  U.  S. 
shipments  originated  in  Ohio,  Michigan,  and  Wisconsin;  22.9 
percent  in  New  York  and  Pennsylvania;  and  18.1  percent  in 
Maine  and  Massachusetts,  or  approximately  80  percent  in  these 
seven  states.    Nearly  12  percent  was  located  in  the  South 
and  South  Atlantic  States,  and  location  of  the  remaining  8 
percent  was  withheld  to  avoid  disclosing  individual  company 
statistics . 

Movement  of  printing  papers  to  market  is  largely  by 
rail  and  truck.   In  a  survey^  of  printing  and  fine  paper 
merchants  and  converters  in  Pennsylvania,  Maryland,  New  York, 
Massachusetts,  Indiana,  Illinois,  Georgia,  Missouri,  Ohio, 
Tennessee,  Louisiana  and  Kentucky,  38  percent  stated  that 
the  majority  of  their  orders  were  shipped  from  the  mill  by 
truck,  33  percent  by  rail,  and  the  remaining  29  percent 
indicated  that  truck  and  rail  facilities  were  used  on  an 
approximately  even  basis.   The  most  frequent  reasons  given 
for  preferring  truck  facilities  were  speed,  convenience,  and 
dependability.   In  addition,  truck   shipments  of  small 
quantities  involve  less  handling,  thereby  holding  damage  to 
printing  and  fine  paper  products  to  a  minimum.   The  prevail- 
ing reasons  for  preferring  rail  were:  cheaper  for  long 
distance  shipping;  large  tonnages  may  be  handled;  and  ship- 
ments may  be  unloaded  at  the  merchant's  convenience. 

The  majority  of  printing  papers  produced  in  the 
United  States  are  shipped  directly  from  the  mill  to  large 
users  such  as  magazine  and  book  publishers,  converters,  and 


United  States  Department  of  Commerce,  Bureau  of  the 
Census,  Census  of  Manufacturers,  1958,  "Pulp,  Paper  and 
Board" ,  p .  15 . 

2 

Spindletop  Research,  market  survey  of  printing  and 

fine  paper  merchants  and  converters. 
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printers.   The  remainder  is  handled  by  paper  merchants.   It 
has  been  estimated  that  more  than  half  of  the  sales  of  these 
products  are  made  on  contract,  the  remainder  being  spot  sales. 
The  majority  of  the  contracts  are  with  book  and  magazine 
publishers,  while  most  of  the  spot  sales  are  to  merchants. 

Price 

Prices  for  the  various  grade  groups  of  printing 
paper  are  presented  in  Table  11-3.   These  prices  represent 
mill  sales  price  or  merchant's  cost,  Lexington,  Kentucky. 

Printing  paper  merchants  and  converters  apparently 
have  had  varied  experience  with  price  over  the  past  two  or 
three  years.   Prices  appear  to  have  been  weak  to  steady  with 
decreases  in  price  largely  in  the  lower  price  grades.  Fifty- 
seven  percent  of  the  printing  and  fine  paper  merchants  and 
converters  included  in  a  market  survey  indicated  that  price 
had  been  weak  to  steady  during  this  period,  while  the  remain- 
ing 43  percent  had  experienced  price  increases.   This 
difference  in  price  can  be  partially  explained  by  differences 
in  grades  of  paper  handled,  but  possibly  more  so  by  the 
degree  of  competition  within  certain  areas. 

Table  11-3 

PRINTING  PAPER  PRICES,  1963 

Grade  Group  Price 

(Cents  per  pound) 

Paper,  Machine  Coated  18  to  22 

Printing  and  Converting  Paper  13  to  15 

Book  Paper  18  to  22 

SOURCE:   Rowland  Paper  Company,  Lexington,  Kentucky 


The  price  expectations  of  paper  merchants  and 
converters  for  the  next  five  to  ten  years  are  excellent : 
ninety-eight  percent  expect  printing  and  fine  paper  prices 
to  move  upward  in  the  future. 2 


1 
Newell  W.  Ellison  et  al .  Brief  for  Respondents.   Before 

the  Federal  Trade  Commission  in  the  Matter  of  Allied  Paper  Mills 

et   al.  Docket  3760,  p.  3. 

2 
Spindletop  Research,  market  survey  of  printing  and  fine 

paper  merchants  and  converters. 
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Consumption 

Printing  paper  consumption  in  the  United  States  has 
increased  by  about  50  percent  since  1950,  as  shown  in  Table  11-4 
and  Figure  11-2.   Part  of  this  very  considerable  expansion  in 
printing  paper  consumption  is  attributable  to  population  growth. 
Much  of  the  expansion,  however,  reflects  a  substantial  increase 
in  use  of  children's  books,  text-books,  and  other  instructional 
material.   In  addition,  the  rapid  growth  in  the  publication  of 
pocket-size,  paperbound  books  has  been  a  significant  factor  in 
the  expansion. 

Another  indication  of  accelerated  growth  is  provided 
by  a  14.5  percent  increase  in  sales  of  periodical  publications 
such  as  farm,  business,  and  professional  journals.   This 
trend  may  be  expected  to  continue,  since  it  reflects  rising 
educational  levels  and  higher  standards  of  living.   Periodicals 
account  for  about  30  percent  of  printing  and  fine  paper 
consumption . 

A  quite  sizeable  proportion  of  printing  and  fine 
paper  tonnage  goes  into  products  other  than  books  and 
periodicals,  such  as  almanacs,  diaries,  greeting  cards,  maps, 
calendars,  catalogues,  coupons,  trading  stamps,  and  a 
multitude  of  products  used  in  the  operation  of  business,  govern- 
ment, and  education.   Among  the  latter  are  business  forms  and 
records,  financial  statements,  checks  and  vouchers,  stock  and 
bond  certificates,  and  many  other  specialties.   It  is  quite 
apparent  that  printed  products  are  highly  integrated  into  our 
everyday  economy. 

Converters  of  printing  and  fine  paper  products  also 
use  a  considerable  tonnage  of  printing  paper.   As  closely  as 
could  be  estimated  from  the  Census  of  Manufactures,  converters 
accounted  for  approximately  15  -  20  percent  of  the  total  U.  S. 
consumption  of  printing  papers  in  1958.   Converters  include 
those  enterprises  which  perform  some  additional  operation  on 
printing  papers,  such  as  paper  coating  and  glazing,  and 
envelope  converting. 

Production 

Production  of  printing  papers  in  the  United  States 
fell  to  a  low  of  2,036,234  tons  in  1944.  (see  Table  11-5) 
Since  then  domestic  production  of  printing  papers  has  steadily 
increased  to  approximately  4,970,000  tons  in  1962.   With  the 
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Table  11-4 

PRINTING  PAPER  CONSUMPTION  AND  CAPACITY, 
UNITED  STATES.  1940-1962 


(Thousands 

of 

Tons) 

Apparent  U.S. 

Capacity 

Reserve 

Year 

Consumption* 

(Historic  Basis) 

Capacity 

1940 

2,  217 

2,  577 

360 

1945 

2,118 

2,  721 

603 

1950 

3,  312 

3,425 

113 

1955 

3,928 

3,913 

-  15 

1956 

4,315 

4,113 

-202 

1957 

4,042 

4,  322 

280 

1958 

4,  036 

4,3  68 

332 

1959 

4,494 

4,  591 

97 

1960 

4,687 

4,829 

142 

1961 

4,658 

4,888 

230 

1962 

4,973 

5,  243 

270 

*Apparent  U.  S.  Consumption  =  U.  S.  production  plus  imports 
minus  exports . 


Source:   Bureau  of  the  Census 
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Table  11-5 

UNITED  STATES  PRODUCTION  OF 
PRINTING  PAPERS,  1939-1962 


Production 

Year  (Tons) 

1939  2,074,933 

1940  2,505,867 

1941  2,668,567 

1942  2,326,197 

1943  2,188,551 

1944  2,036,234 

1945  2,137,041 

1946  2,709,207 

1947  3,029,241 

1948  3,150,999 

1949  2,975,078 

1950  3,305,086 


Source:    Writing  Papers  Manufacturing  Association 


Production 

Year 

(Tons) 

1951 

3, 513, 554 

1952 

3, 385, 179 

1953 

3, 556, 338 

1954 

3, 587, 360 

1955 

3,  937, 795 

1956 

4, 304, 013 

1957 

4,  032,  679 

1958 

4,036, 593 

1959 

4, 508, 770 

1960 

4, 700,062 

1961 

4, 667, 797 

1962  Pre. 

4, 970, 000 
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exception  of  a  few  years  in  the  late  1940 ' s ,  exports  by  U.  S. 
producers  have  exceeded  imports  of  printing  papers.   The 
Bureau  of  the  Census  reported  in  1961  that  exports  exceeded 
imports  by  some  10,000  tons  and  that  U.  S.  consumption  amounted 
to  4.7  million  tons,  or  50.3  pounds  per  capita.   A  preliminary 
estimate  for  1962  placed  U .  S.  consumption  of  printing  papers 
at  4,973,000  tons  or  an  apparent  consumption  of  53.3  pounds  per 
capita.   Plant  capacity  in  the  United  States  at  the  end  of 
1962  was  estimated  at  5,243,000  tons  on  a  historical  basis. 

Capacity 

In  1962,  annual  capacity   in  the  printing  paper 
industry  was  in  excess  of  demand  by  some  270,000  tons. 
Capacity  available  to  U.  S.  producers  was  5,243,000  short  tons 
while  demand  as  measured  by  apparent  U.  S.  consumption 
amounted  to  4,973,000  short  tons,  (see  Table  11-4). 

Since  1940  the  capacity  of  printing  paper  mills  has 
increased  on  average  of  3.2  percent  per  year.   Demand,  although 
lagging  behind  slightly  faster  capacity  over  this  period, 
increased  at  a  slightly  faster  rate,  3.3  percent  per  year. 

Further  plant  expansions  by  1965  are  expected  to 
raise  printing  paper  plant  capacity  by  an  additional  330,000 
tons  to  a  total  of  5,572,000  tons  by  the  end  of  1965.   While 
demand  in  the  United  States  may  also  be  expected  to  increase, 
continuing  reserve  capacity  is  anticipated  in  the  near  future. 
Even  if  consumption  in  1965  in  the  U.  S.  were  to  rise  to  the 
trend  level  of  demand  estimated  by  the  Department  of  Commerce, 
reserve  capacity  in  1965  would  approximate  212,000  tons. 3  This 
is  equivalent  to  the  annual  production  of  one  700-ton  mill. 


Writing  Papers  Manufacturers  Association. 
^The  capacity  data  contained  in  this  report  are  based  on 
the  historical  method,  the  one  traditionally  used  by  the  industry 
This  method  assumes  an  annual  capacity  of  310  days  production 
per  year  for  paper . 

3  ... 

This  figure  was  derived  by  comparing  capacity  projec- 
tions by  the  American  Pulp  and  Paper  Association  and  the 
National  Paperboard  Association  and  demand  projections  by  the 
U.  S.  Department  of  Commerce. 
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Future  Demand 

During  the  course  of  determining  the  market  situation 
for  printing  and  fine  paper,  the  following  question  was  posed 
to  paper  merchants  and  converters  in  the  areas  covered  by 
Spindletop's  market  survey:   "Would  there  be  a  market  for 
printing  papers  in  your  area  from  a  paper  mill  in  Western 
Kentucky,  assuming  that  high  quality  competitive  papers  were 
produced?"   The  majority  (60  percent)  of  the  merchants  and 
converters  interviewed  indicated  that  there  would  be  a  market 
for  printing  papers  in  their  respective  areas,  while  nearly 
25  percent  were  noncommital.   The  remaining  15  percent  of  the 
merchants  and  converters,  largely  located  in  northern  Ohio, 
Maryland  and  Massachusetts,  indicated  that  these  products 
would  not  have  a  market  in  their  area. 

Merchants  and  converters  were  also  asked  to  state  the 
proportion  of  their  orders  which  fell  within  each  of  three 
possible  categories  of  printing  paper:   (1)  paper,  machine 
coated;  (2)  printing  and  converting  paper;  and  (3)  book  paper, 
uncoated.   This  was  done  to  ascertain  what  particular  group  of 
printing  papers  might  best  be  suited  to  the  market  area  of  a 
Western  Kentucky  paper  mill.   The  proportion  of  total  print- 
ing papers  falling  within  each  category  was  not  clearly 
established.   Roughly,  however,  the  results  indicated  that 
printing  and  converting  paper  and  book  paper  accounted  for  the 
bulk  of  consumption  and  that  these  two  categories  were 
approximately  equal  in  importance.   This  conclusion  is 
consistent  with  census  data. 

One  other  attempt  was  made  to  determine  the 
particular  group  or  groups  of  paper  products  that  might  best 
be  received  by  the  market..   The  paper  merchants  and  converters 
were  asked  if  there  were  specific  products  with  which  they 
have  difficulty  obtaining  an  adequate  supply.   The  results  of 
this  question  were  negative.   A  small  percentage  (one  or  two 
percent)  of  the  merchants  and  converters  canvassed  indicated 
that  machine  coated  and  other  coated  papers  were  in  short 
supply;  however,  the  quantity  involved  was  negligible. 

Some  projections  of  potential  future  demand  for 
printing  papers  are  summarized  in  Table  11-6.   Spindletop 
projections  compare  well  with  those  made  by  the  Business  and 
Defense  Services  Administration  of  the  U.  S.  Department  of 
Commerce.   The  least-squares  projection  of  5.8  million  tons 
for  1970  is  low  relative  to  both  BDSA  projections,  but  the 
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Table  11-6 

PRINTING  PAPERS,  PROJECTED  DEMAND  FOR 
THE  UNITED  STATES,  1965  and  1970 
(Thousands  of  Tons) 

Method  Proj  ected  Demand 

Correlation  Analysis  * 
Least-Squares  Trend  ** 


Consumption- Population 


*** 


1965 

1970A 

1970B 

5,  360 

6,060 

6,  560 

5,  201 

5,842 

5,429 

6,007 

6,  508 

The  Correlation  Analysis  projections  were  made  by  the 
Business  and  Defense  Services  Administration  and  have  been 
discussed  in  the  text.   They  differ  only  in  that  different  rates 
of  growth  of  Gross  National  Product  were  assumed. 

**  This  is  a  least-squares  trend  extrapolation, 
Y  =  3,855  +  128. 2X,  from  data  1947-1962,  with  origin  midway 
between  1954  and  1955. 


***  This  projection  is  based  on  the  combining  of  per 
capita  consumption  and  population  projections.   The  population 
projections  are  the  Series  I  (1970B)  and  Series  IV  (1970A) 
published  in  Current  Population  Report  P-25,  No.  241,  while  the 
1965  projection  is  based  on  Series  II.   The  per  capita 
consumption  projection  is  based  on  the  equation  Y  =  47.4  +  .79X 
with  origin  at  1955. 
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consumption-population  projections  of  6.0  million  tons  (1970A) 
and  6.5  million  tons  (1970B)  are  approximate  equals  to  the 
corresponding  BDSA  projections. 

In  addition  to  the  projections  presented  in  Table 
11-6,  U.  S.  demand  for  printing  paper  has  been  projected  to 
1965  and  1970  on  a  regional  basis.   (The  projections  were 
based  on  the  census  regions  shown  in  Table  11-7) .   According 
to  the  Printing  Papers  Manufacturers  Association,  magazine 
publishing  accounted  for  45  percent,  book  publishing  9  percent, 
commercial  printing  26  percent,  labels  and  wraps  4  percent, 
and  other  converting  16  percent.   To  obtain  an  estimate  of 
regional  demand  for  printing  papers,  value  added  by  these 
consuming  industries  was  obtained  on  a  regional  basis  and 
weighted  according  to  the  share  of  total  printing  paper 
consumption  of  each.   The  weighted  value  added  by  manufacture 
was  then  aggregated,  and  the  regional  distribution  of  demand 
determined.   The  regional  distribution  of  demand  was  then 
applied  to  the  projection  of  total  U.  S.  demand  from  the 
consumption-population  model,  giving  the  regional  projections 
shown  in  Table  11-8. 

Summary 

Domestic  demand  for  printing  papers  should  reach 
5,842,000-6,560,000  tons  by  1970.   Expansion  intentions  of 
existing  mills  would  increase  capacity  to  5,572,000  tons  by 
1965.   Thus,  it  appears  that  further  increases  in  capacity 
will  be  necessary  within  a  few  years,  and  that  new  mills  will 
be  built. 

A  Western  Kentucky  mill  would  be  more  favorably 
located  to  serve  the  East  North  Central  and  the  large  Middle 
Atlantic  markets  than  a  Southern  mill. 

FINE  PAPERS 

This  grade  group  includes  the  products  identified 
by  the  Bureau  of  the  Census  as  writing  rag  paper,  chemical 
woodpulp  writing  paper,  bristols,  cover  paper,  text  paper, 
colored  school  and  construction  paper,  and  thin  paper.   The 
following  analysis  will  not  cover  writing  rag  paper,  since  a 
nearby  source  of  the  necessary  raw  material  does  not  exist 
in  Western  Kentucky. 

Much  of  the  previous  analysis  relating  to  printing 
paper  is  also  applicable  to  fine  papers.   Therefore,  attention 
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Table  11-7 
CENSUS  REGIONS 


New  England 

Main 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

Middle  Atlantic 

New  York 
New  Jersey 
Pennsylvania 

East  North  Central 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

West  North  Central 

Minnesota 

Iowa 

Missouri 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 

Pacific 

Washington 

Oregon 

California 

Hawaii 

Alaska 


South  Atlantic 

Delaware 

Maryland 

District  of  Columbia 

Virginia 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 

East  South  Central 

Kentucky 
Tennessee 
Al abama 
Mississippi 

West  South  Central 

Arkansas 
Louisiana 
Oklahoma 
Texas 

Mountain 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico 

Arizona 

Utah 

Nevada 


Source:   U.  S.  Department  of  Commerce,  Bureau  of  the  Census 
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Table  11-8 

PRINTING  PAPERS,  REGIONAL  DEMAND  PROJECTIONS, 

1965  and  1970 

(Thousands  of  Short  Tons) 

Region  Demand 

United  States 
New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 
South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 

Source:   Spindletop  Research 


1965 

1970A 

1970B 

5,426 

6 

,007 

6 

508 

315 

348 

377 

2,  284 

2 

529 

2 

r740 

1,373 

1 

520 

1 

,647 

407 

451 

488 

336 

372 

403 

141 

156 

169 

147 

162 

176 

65 

73 

78 

358 

396 

430 
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will  be  centered  on  those  factors  which  are  unique  to  fine 
paper  markets . 

Market  Structure 

As  in  the  case  of  printing  paper,  the  bulk  of  fine 
papers  produced  in  the  United  States  moves  a  relatively  short 
distance  to  market.   Fine  paper  production  is  concentrated  in 
the  East  North  Central,  New  England,  and  Middle  Atlantic 
States.   These  areas,  which  contain  45  percent  of  the  total 
U.  S.  population  are  also  the  areas  of  greatest  consumption. 
In  1962,  40  percent  of  the  total  production  of  fine  paper  was 
concentrated  in  the  East  North  Central  States;  18.5  percent  in 
New  England;  and  20.2  percent  in  the  Middle  Atlantic  States. 
The  remaining  production  was  distributed  among  the  South 
Atlantic  States  (6.7  percent),  East  South  Central  States 
(2.2  percent)  West  South  Central  States  (3.1  percent),  the 
Mountain  and  Pacific  States,  (9.3  percent). 

Movement  of  fine  paper   to  market  is  largely  by 
truck  and  rail.   The  factors  involved  were  discussed  in  the 
analysis  of  printing  paper  and  will  not  be  repeated  here. 

Fine  papers  are  marketed  almost  entirely  through 
paper  merchants  which  are  either  independent  or  integrated 
with  a  paper  company.   Even  direct  mill  shipments  to  the 
federal  government  and  to  large  converters  of  fine  paper 
products  are  sold  through  intermediary  merchants.   The  remain- 
ing production  (probably  less  than  5  percent)  is  sold  by 
paper  manufacturers  directly  to  large  printers  and  other 
industrial  users. 

Price 

Price  information  for  the  various  fine  paper  grade 
groups  is  presented  in  Table  11-9.   These  prices  represent 
sale  price  at  the  mill  or  merchant's  cost,  Lexington, 
Kentucky . 

As  was  the  case  for  printing  papers,  fine  paper 
merchants  and  converters  have  experienced  fluctuating  prices 
over  the  past  two  or  three  years;  however,  98  percent  of  the 
paper  merchants  and  converters  canvassed  in  Spindletop's 
market  survey  expect  price  increases  over  the  next  ten 
years . 
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Table  11-9 

FINE  PAPER  PRICES,  1963 

Price 
Grade  Group  (Cents  per  Pound] 

Writing,  Chemical  Wood  Pulp,  Total 

Bond  and  writing  18 

Ledger  20 

Manifold  19 

Mimeograph  18 

Gelatin  and  Spirit  Process  Duplicating  18 
Papeterie  and  Wedding 
Direct  Line  on  Process 

Other  Technical  Papers  19 

Opaque  Circular  18 

Bristols,  Except  Rag  Index  and  Bogus 

Index  (Chemical  Wood  Pulp)  17 

Printing  15 

Uncoated  Post  Card  14 

Cover  Paper  20 

Text  Paper  18 

Colored  School  and  Construction  10 

Thin  Paper  40 

Carbonizing,  free  from  Goundwood  Pulp 
Condenser  and  Cigarette 
Other  (Stencil,  lens,  etc.) 


Source:   Rowland  Paper  Company,  Lexington,  Kentucky. 
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Consumption 

Fine  paper  consumption  in  the  United  States  has 
almost  tripled  since  1940  (see  Figure  11-3) .   This  increase 
is  attributable  to  increases  in  population,  business  activity, 
social  activity,  and  standard  of  living. 

Fine  paper  is  the  type  of  paper  suitable  for  writing 
with  pen  and  ink,  pencil  or  typewriter.   Some  demand  also 
arises  from  the  printing  industry.   Fine  papers  are  generally 
made  from  higher  quality  pulp  than  other  types  of  paper.   To 
be  competitive,  they  must  have  good  color,  finish,  and  print- 
ing and  erasure  qualities. 

Bond  and  ledger  papers  are  the  most  common  types  of 
fine  papers.   Originally  designed  for  legal  documents  and 
bonds,  these  papers  are  now  highly  integrated  into  everyday 
activity  -  letterhead  paper,  forms,  and  personal  writing 
paper.   Ledger  papers  now  serve  purposes  other  than  for  book- 
keeping.  Mimeograph,  gelatin  and  spirit  process  duplicating 
paper,  and  papeterie  papers  are  three  other  highly  used  fine 
paper  products.   Papeterie  and  wedding  papers  are  usually 
boxed  as  stationery,  announcements,  and  greeting  cards. 

Bristols,  cover,  text,  and  thin  papers  are  also  of 
the  fine  paper  category.   Heavy-duty  envelopes,  catalog 
covers,  price  lists,  booklets,  and  menus  are  cover  paper 
products.   Bristol  board  is  used  for  tickets  and  passes,  card 
indexes,  schedules,  etc.,  and  thin  paper  is  used  for  carbon 
copies  in  typewritten  work,  air  mail  correspondence,  bible 
paper,  and  cigarette  paper. 

Evidence  of  increased  consumption  for  various  grade 
groups  of  fine  papers  is  offered  by  sales  of  these  products 
(see  Table  11-10) .   Per  capita  consumption  of  fine  papers  in 
the  United  States  has  increased  39  percent  since  1947,  or 
2.3  percent  per  annum,  and  is  presently   at  a  rate  of  21.1 
pounds . 

Production 

Production  of  fine  papers  in  the  United  States  has 
followed  an  upward  trend,  with  minor  fluctuations,  over  the 
past  few  decades  (see  Table  11-11) .   Since  1945  production 
has  increased  99  percent  and  it  is  believed  that  the  upward 
trend  will  continue. 
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Table  11-10 
COMPARISON  OF  FINE  PAPER  SALES,  1958-1962 


Gross  Sales 

Percent  Change 

Grade 

1962 

1958-1962 

Chemical  Wood  Pulp  Writing 

Papers 

$419,268,562 

29.0 

Bristols 

39,276,944 

14.7 

Cover  Paper 

15, 152,615 

20.6 

Text  Paper 

43,420,135 

42.1 

Colored  School  and  Construction 

Paper 

5,547,043 

34.2 

Thin  Paper 

38,099,452 

34.8 

SOURCE:   Writing  Papers  Manufacturers  Association 


Table  11-11 

TOTAL  FINE  PAPERS  PRODUCTION,  1939-1962 

(Tons) 


Year 

Production 

Year 

Production 

(tons) 

(tons) 

1939 

723,102 

1951 

1,366,425 

1940 

735,753 

1952 

1,296,020 

1941 

950,014 

1953 

1,298,675 

1942 

1,043,475 

1954 

1,284,526 

1943 

1,010,601 

1955 

1,449,980 

1944 

967,017 

1956 

1,575,468 

1945 

1,000,794 

1957 

1,515,605 

1946 

1, 145,576 

1958 

1,543,811 

1947 

1,171,539 

1959 

1,759,056 

1948 

1, 140,859 

1960 

1,776,391 

1949 

1,012,491 

1961 

1,918,668 

1950 

1, 197,309 

1962 

1,992,000 

SOURCE : 

Writing  Papers  Manuf 

acturers 

Association . 
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The  Writ ing  Papers  Manufacturers  Association  reported 
a  1962  fine  paper  production  at  1,992,000  tons.   Chemical 
woodpulp  writing  paper  accounted  for  the  largest  part  of  this 
production  with  1,433,000  tons,  followed  by  thin  paper 
(161,000  tons)  ;  cover,  text,  and  colored  school  paper 
(150,000  tons);  and  bristols  (125,000  tons).   Table  11-12 
presents  production  data  and  comparative  growth  rates  for  the 
various  grade  groups  of  fine  papers. 

Capacity 

Annual  capacity  available  to  U.  S.  producers  of 
fine  papers  in  1962  was  2,122,000  tons,  while  demand  as 
measured  by  apparent  U.  S.  consumption  amounted  to  1,971,000 
tons  (see  Table  11-13) .   Thus,  capacity  was  in  excess  of 
demand  by  only  151,000  tons. 

Capacity  in  the  fine  paper  industry  increased  by 
137.4  percent  during  the  period  1940-1962,  an  average  per 
annum  increase  of  5.2  percent.   Demand  over  the  same  period 
increased  at  a  somewhat  slower  rate,  4.6  percent  annually. 
Considering  only  the  period  1957  to  1962,  however,  capacity 
and  demand  have  increased  at  faster  rates .   The  demand 
increase  of  5.9  percent  has  exceeded  the  capacity  growth  of 
5.7  percent  thus  indicating  a  strong  demand  for  fine  papers. 

The  addition  of  new  machines  and  general  plant 
expansions  are  expected  to  raise  capacity  in  the  fine  paper 
industry  to  2,320,000  tons  by  the  end  of  1965,  or  an 
addition  of  180,000  tons  over  1962.   Demand  is  expected  to 
increase  to  2,150,000  tons  by  1965,  an  increase  of  179,000 
tons  over  1962  consumption .2   Thus,  reserve  capacity  is 
expected  to  remain  at  about  the  same  level  -  152,000  tons 
annually. 

Future  Demand 

The  major  factors  which  influence  demand  for  fine 
papers  -  business  activity  (indirectly  measured  by  disposable 


American  Pulp  and  Paper  Association  and  the  National 
Paperboard  Association. 

^United  States  Department  of  Commerce,  Business  and 
Defense  Services  Administration,  Pulp,  Paper  and  Board 
Supply-Demand ,  p.  18. 
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Table  11-12 

FINE  PAPER  PRODUCTION  BY  GRADES 

Percentage  of     Percent 
Production  1961   Change 
Grade  100  Percent*      1956-1961 

Fine  paper,  Total  (1,918,668  tons)    100.0  21.8% 

Writing,  Chemical  Wood  Pulp, 
Total  71.8%  _24.9% 

Bond  and  Writing 
Ledger 
Manifold 
Mimeograph 
Gelatin  and  Spirit  Process 

Duplicating 
Papeterie  and  Wedding 
Direct  line  on  Process  Papers 
Other  Technical  Papers 
Opaque  Circular 
Other 

Bristols,  Except  Rag  Index  &  Bogus 
Index  (Chemical  Wood  Pulp) 
Printing 
Uncoated  Post  Cards 

Cover  Paper 

Text  Paper 

Colored  School  and  Construction 
Paper  .7%  -19.0% 

Thin  Paper,  Total 

Carbonizing,  free  from 

groundwood  pulp 
Condenser  &  Cigarette 
Other  (Stencil,  lens,  etc.) 


42.9 

22.8 

2.3 

1.6 

1.3 

12.2 

6.3 

17.1** 

4.7 

11.7 

2.9 

12.6 

5.3 

58.5 

.9 

51.6** 

1.5 

24.3 

3.8 

227.9 

6.5% 

-29.4% 

4.7 

-6.9 

1.4 

-5.5 

.5 

76.2 

2.4% 

10.2% 

4.4% 

38.4% 

8.0% 

36.4% 

4.0 

38.7 

3.3 

40.9 

.7 

8.8 

*   The  grade  group  percentages  will  not  add  to  100  since  123,000 
short  tons  of  writing  rag  paper  previously  defined  as  not  feasible 
for  production  in  Western  Kentucky  were  not  included. 
**  The  percentage  change  is  for  the  1959-1961  period,  due  to 
inconsistent  data  for  the  1956-1961  period. 

SOURCE:   Writing  Papers  Manufacturers  Association. 
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Table  11-13 

FINE  PAPERS,  CONSUMPTION,  AND  CAPACITY, 
UNITED  STATES,  1940-1962 
(Thousands  of  Tons) 


Year 

Apparent  U.S. 
Consumption 

Capacity 
Historic  Basis 

Reserve 
Capacity 

1940 

690 

894 

204 

1945 

915 

1169 

254 

1950 

1159 

1317 

158 

1955 

1410 

1403 

-7 

1956 

1544 

1491 

-53 

1957 

1481 

1605 

124 

1958 

1527 

1675 

148 

1959 

1733 

1784 

51 

1960 

1754 

1889 

135 

1961 

1892 

2062 

170 

1962 

1971 

2122 

151 

SOURCE:   Bureau  of  the  Census 
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personal  income),  social  activities,  population  and  standard  of 
living  -  are  expected  to  increase,  thus  indicating  an  increase 
in  the  demand  for  fine  papers.   Disposable  personal  income  has 
been  projected  to  reach  $545  billion  by  1970  and  population  has 
been  projected  to  approximate  220  million  by  1970.* 

As  for  the  fine  paper  grade  groups,  chemical  woodpulp 
bond  papers  are  expected  to  sustain  their  upward  trend  in 
consumption.   Reproduction,  cover,  text,  and  bristols  are 
expected  to  maintain  or  better  their  consumption  trend  of  the 
immediate  past.   Thin  papers  are  also  expected  to  experience 
increased  consumption  in  the  near  future,  with  the  possible 
exception  of  cigarette  paper.   Cigarette  papers  are  consumed 
almost  entirely  in  a  one-use  field  where  consumption  has 
remained  fairly  constant,  and  no  pronounced  change  is  foreseen. 

Projections  of  future  demand  for  fine  papers  in  the 
United  States  are  presented  in  Table  11-14.   Regional  projec- 
tions are  shown  in  Table  11-15.   The  regional  demand  projections 
were  made  by  combining  projections  of  per  capita  consumption 
of  fine  paper  and  population.   It  was  felt  that  since  fine 
papers  are  so  highly  integrated  into  the  U .  S.  economy 
the  distribution  of  population  would  be  a  good  indication  of 
demand . 

Summary 

Domestic  demand  for  fine  papers  should  reach 
2,347,000-2,880,000  tons  by  1970,  while  capacity  is  expected 
to  increase  to  2,302,000  tons  by  1965.   As  in  the  case  of 
printing  papers,  new  mill  capacity  will  probably  be  needed, 
and  it  would  appear  that  Western  Kentucky  is  favorably 
located  to  serve  the  big  East  North  Central  and  Middle  Atlantic 
markets . 

CORRUGATING  MEDIUM 

Corrugating  medium  is  a  product  of  the  paperboard 

industry;  more  specifically,  it  is  a  grade  group  within  the 

containerboard  category.   In  addition  to  .009  corrugating 

medium,  liner  board  and  chip  and  filler  board  fall  within  the 
containerboard  category. 


*  Both  projections  are  by  the  Department  of  Commerce,  the  former 
by  the  Business  and  Defense  Services  Administration  and  the 
latter  by  the  Bureau  of  the  Census . 
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Table  11-14 

FINE  PAPER,  PROJECTED  DEMAND  FOR 
THE  UNITED  STATES,  1965  and  1970 
(Thousands  of  Tons) 


Method  of  Projection 

Correlation  Analysis* 
Least-Squares  Trend** 
Consumption-Population*** 


Demand 

1965 

1970A 

1970B 

2,120 

2,540 

2,880 

2,048 

2, 

347 

2,089 

2,369 

2,568 

The  correlation  projections  are  by  the  Business  and 
Defense  Services  Administration.   They  differ  only  in  that 
different  rates  of  growth  for  Gross  National  Product  are  assumed. 

**Least-Squares  Trend  extrapolation,  Y  =  1420  +  59. 8X, 
from  data  1947-1962,  with  origin  midway  between  1954  and  1955. 

***This  projection  is  based  on  the  combining  of  per  capita 
consumption  and  population  projections.  The  population 
projections  are  the  Series  I  (1970B)  and  Series  IV  (1970A) 
published  in  Current  Population  Reports  P-25,  No.  241,  while  the 
1965  projection  is  based  on  Series  II.   The  per  capita 
consumption  projection  is  based  on  the  equation  Y  =  16.9  +  .42X, 
with  origin  midway  between  1954  and  1955. 
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Table  11-15 

FINE  PAPERS,  REGIONAL  DEMAND  PROJECTIONS, 

1965  and  1970 

(Thousands  of  Tons) 


Region 

United  States 
New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 
South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 


Demand 


1965 

1970A 

1970B 

2,089* 

2,369 

2,568 

119 

135 

147 

399 

449 

486 

412 

467 

506 

174 

197 

213 

307 

349 

378 

138 

157 

169 

201 

228 

247 

81 

97 

106 

256 

294 

319 

*The  regional  demand  projections  are  based  on  the 
consumption  -  population  model.   Details  may  not  add  to  total 
due  to  rounding. 
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Corrugating  medium  serves  as  the  middle  layer  for 
corrugated  shipping  containers,  which  are  used  for  shipping 
canned  and  packaged  goods  by  rail,  truck,  and  water  all  over 
the  world. 

The  National  Paperboard  Association  defines  three 
types  of  corrugating  materials:   semichemical ,  kraft,  and 
straw.   This  analysis  is  concerned  with  the  market  for  the 
semichemical  type. 

The  containerboard  industry  is  highly  integrated. 
Evidence  of  the  degree  of  integration  is  presented  in  Table 
11-16.   In  the  corrugated  segment  of  the  industry,  integrated 
companies  produce  semi-chemical  corrugating  medium  and  kraft 
liner  board  and  then  convert  these  materials  into  corrugated 
boxes . 

An  additional  insight  into  the  structure  of  the 
paperboard  industry  is  contained  in  Table  11-17.   The  data 
contained  in  this  table  indicate  production  by  size  of  company, 
expressed  as  a  percentage  of  the  total  industry. 

Price 

Price  data  for  semichemical  corrugating  medium  is 
presented  in  Table  11-18.   This  data  represents  the  monthly 
average  price  per  ton  in  the  New  York  area  for  the  indicated 
year  . 

Semichemical  corrugating  medium  experienced  a  price 
decrease  from  $132.50  to  $119.25  in  November  1960  and  by 
April  1961  the  price  had  declined  to  $106.00.   However,  prices 
increased  to  $113.25  in  March  1962  and  to  $115,00  in  April 
1962.   Further  evidence  of  strengthening  prices  was  offered 
by  an  announcement  by  several  companies  of  a  $5.00  price 
increase  in  September  1963. 

Table  11-19  contains  recent  price  data  on  corrugated 
boxes,  which  are  the  major  consumers  of  corrugating  medium. 
An  industry-wide  price  increase  of  7.5-12  percent  became 
effective  in  August  1962,  representing  the  second  price  boost 
of  that  year. 
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Table  11-16 

CONTAINERBOARD  PRODUCTION, 
INTEGRATED  AND  INDEPENDENT  COMPANIES 

1951  -  1962 

(Expressed  as  Per  Cent  of  Production) 

Integrated  Independent 

Year                Companies  Companies 

1951  55.8%  44.2% 

1952  54.1  45.9 

1953  52.5  47.5 

1954  54.3  45.7 

1955  60.7  39.3 

1956  62.6  37.4 

1957  70.1  29.9 

1958  69.2  30.8 

1959  69.8  30.2 

1960  71.3  28.7 

1961  77.2  22.8 

1962  77.6  22.4 


SOURCE:   National  Paperboard  Association 
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Table  11-18 

SEMICHEMICAL  CORRUGATING  MEDIUM  PRICES,  1957-1962 

(Monthly  average  per  ton,  New  York) 

Year  Price 

1957  $132.50 

1958  132.50 

1959  132.50 

1960  130.29 

1961  108.35 

1962  113.35 

SOURCE:   National  Paperboard  Association 


Table  11-19 
CORRUGATED  BOX  PRICES,  1957-1962 
(Monthly  Average  Per  M  Square  Feet) 

Year  Price 

1957  $16.48 

1958  16.45 

1959  16.52 

1960  16.65 

1961  15.94 

1962  16.36 

SOURCE:   Fibre  Box  Association 
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Consumption 

As  noted  above,  the  corrugated  box  industry  is  the 
largest  consumer  of  semichemical  corrugating  medium,  using 
about  98  percent  of  1962  production. 

Figure  11-4  shows  that  total  consumption  of  NSSC 
corrugating  medium  has  roughly  tripled  since  1950,  and  that 
per  capita  consumption  has  more  than  doubled.   The  increase 
in  per  capita  consumption  reflects  two  important  developments : 
(1)  the  substitution  of  corrugated  shipping  containers  and 
cartons  for  wooden,  glass,  and  tin,  and  (2)  the  shift  from 
bulk  sales  of  retail  goods  to  packaged  merchandising. 

Table  11-20  shows  the  estimated  1962  regional 
distribution  of  semichemical  corrugating  medium  consumption. 
This  distribution  is  based  upon  the  1958  production  of 
corrugated  boxes  as  reported  by  the  Census  of  Manufacturers. 
The  data  indicates  that  the  Chicago  and  New  York  City  - 
Philadelphia  areas  are  the  most  important  consumers. 

Production 

Paperboard  is  the  fastest  growing  and,  from  the 
standpoint  of  tonnage,  the  largest  segment  of  the  paper 
industry.   During  the  1950' s  paperboard  production  increased 
at  an  average  annual  rate  of  4.5  percent,  while  other 
segments  of  the  industry  grew  at  rates  of  2.3  percent 
(building  paper  and  board)  and  3.6  percent  (paper).   The 
rate  for  the  industry  as  a  whole  was  4.2  percent. 

The  containerboard  industry,  which  accounts  for 
about  52  percent  of  paperboard  production,  experienced  an 
average  annual  rate  of  growth  of  4.9  percent  during  this 
period.   Even  more  pronounced  is  the  rate  of  growth 
experienced  by  the  product  of  major  concern  in  this  analysis, 
.009  corrugating  medium.   Production  of  corrugating  medium 
grew  at  an  annual  average  rate  of  15.1  percent  during  the 
period  1950-1962,  with  1962  production  nearly  tripling  the 
720,600  tons  produced  in  1950. 

Historical  production  data  for  the  paperboard 
industry  is  presented  in  Table  11-21  and  Figure  11-5,  and 
more  specifically  for  corrugating  medium  in  Table  11-22. 
The  dominant  role  of  NSSC  corrugating  medium  is  quite  evident 
from  the  latter  table.   The  underlying  reasons  for  this 
domination  will  be  detailed  in  the  following  analysis. 
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Table  11-20 

ESTIMATED  REGIONAL  DISTRIBUTION  OF  SEMI CHEMICAL 
CORRUGATING  MEDIUM  CONSUMPTION,  196  2 
(Thousands  of  tons) 


REGION 

United  States  2134 

New  England  122 

Middle  Atlantic  510 

East  North  Central  694 

West  North  Central  143 

South  Atlantic  222 

East  South  Central  64 

West  South  Central  115 

Mountain  19 

Pacific  246 


SOURCE:   Regional  consumption  distribution  obtained  from 

corrugated  box  shipment  data,  Census  of  Manufactures, 
1958.   This  distribution  applied  to  1962  corru- 
gating medium  production  as  reported  by  National 
Paperboard  Association. 
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Table  11-21 

PAPERBOARD  PRODUCTION  IN  THE  UNITED  STATES, 

1925-1962 
(Tons) 


Total 
Production  of  All   Other 

Year     Paperboard     Container board    Boxboard     Paperboard 


1925 

3 

125, 

000 

1, 

470, 

900 

1- 

347, 

800 

306, 

300 

1930 

3, 

957, 

100 

1 

875, 

600 

1, 

530, 

700 

550, 

800 

1935 

4, 

555, 

000 

2 

309, 

000 

1 

578, 

200 

667, 

800 

1940 

6 

326, 

100 

3 

147, 

600 

2 

026 

300 

1 

152 

200 

1945 

7, 

938, 

200 

4, 

099, 

800 

2 

633, 

800 

1 

204 

600 

1950 

11, 

149, 

500 

5, 

692, 

600 

3, 

792, 

900 

1 

664 

000 

1955 

14, 

043, 

700 

7, 

244, 

200 

4, 

407, 

400 

2 

392 

100 

1960 

15, 

926, 

500 

8, 

186, 

600 

4, 

894 

900 

2 

845 

000 

1961 

16, 

706, 

100 

8, 

656, 

500 

5, 

003 

600 

3 

046 

000 

1962 

17, 

833, 

700 

9, 

286, 

400 

5 

265, 

300 

3 

282 

000 

SOURCE:   National  Paperboard  Association 
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Table  11-22 

CORRUGATING  MATERIALS  PRODUCTION 
IN  THE  UNITED  STATES,   1925-1962 


Year      Total      Semichemical     Kraft      Straw      Other 


1925 

281 

000 

4 

800 

276, 

200 

1930 

385 

600 

70 

000 

10, 

100 

305, 

500 

1935 

587 

200 

100 

600 

114 

400 

331, 

100 

41, 

100 

1940 

903 

400 

133 

600 

292 

000 

386, 

100 

91, 

700 

1945 

1 

111 

500 

300 

800 

154, 

600 

376 

800 

279, 

300 

1950 

1 

670 

000 

720 

600 

225 

000 

350 

900 

373, 

500 

1955 

2 

165 

400 

1 

347 

400 

122 

800 

250 

500 

444, 

700 

1960 

2 

461 

000 

1 

738 

400 

50 

500 

97 

500 

574, 

600 

1961 

2 

645, 

500 

1 

958, 

000 

65 

500 

622, 

000 

1962 

2 

811 

400 

2 

133 

700 

55 

100 

622 

600 

SOURCE:   National  Paperboard  Association 
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Capacity 

The  annual  capacity  of  mills  producing  semichemical 
corrugating  medium  was  2,265,000  tons  in  1961,  and  there  was 
an  additional  49,000  tons  of  kraft  capacity.   Consumption  of 
these  two  types  of  material  by  the  corrugated  box  industry 
was  1,981,300.   Thus,  there  was  a  reserve  capacity  of  333,000, 
with  demand  (as  measured  by  box  plant  consumption)  amounting 
to  about  86  percent  of  capacity. 

Increase  in  capacity  through  modernization  and  expan- 
sion of  existing  mills  is  expected  to  bring  capacity  to 
2,556,000  tons  by  1965,  with  semichemical  mills  accounting 
for  2,507,000  tons.-'-   On  a  maximum  or  all-out  basis  (345  days) 
the  corresponding  figures  would  be  2,840,000  and  2,762,000  tons, 
respectively . 

Future  Demand 

Consumption  of  corrugated  containers  is  highly 
diversified  and  intimately  integrated  into  all  phases  of 
business  activity.   In  response  to  a  growing  population  and 
rising  standard  of  living,  the  sales  volume  of  consumer  goods 
has  shown  a  sustained  increase,  as  has  the  need  for  boxes  and 
containers.   This  trend  is  expected  to  continue. 

Some  observers  feel,  however,  that  corrugated  boxes 
cannot  continue  to  gain  new  markets  (at  the  expense  of  other 
types  of  containers)  at  the  rate  experienced  during  the  past 
decade . 

Table  11-23  presents  projections  of  United  States 
demand  for  semichemical  corrugating  medium.   Projections  for 
1965  range  from  2,382,000-2,516,000  tons,  and  those  for  1970 
range  from  2,942,000-3,860,000  tons.   With  capacity  expected 
to  increase  to  2,507,000  tons  by  1965,  it  appears  that 
construction  of  new  mills  will  be  necessary  if  capacity  is  to 
keep  pace  with  demand. 

Table  11-24  contains  projections  of  regional 
demand.   By  comparing  estimated  regional  production  and 
consumption,  it  is  possible  to  determine  the  exporting  and 
importing  regions  (see  Table  11-25). 


^   Capacity  is  measured  on  a  313-day  basis 
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Table  11-23 

PROJECTED  U.  S.  DEMAND 
FOR  SEMICHEMICAL  CORRUGATING  MEDIUM 
1965  and  1970 
(Thousands  of  Tons) 


Projected  Demand 

Method  1965      1970A      1970B 

Correlation  Analysis*         2,516     3,269      3,860 
Least-Squares  Trend**         2,382  2,942 

Consumption-Population***     2,511     3,322      3,598 


*This  projection  is  based  on  the  equation  C  =  -2000  +  10.751, 
where  C  and  I  are  consumption  and  disposable  personal  income 
This  relationship  was  then  applied  to  the  BDSA  projections 
of  disposable  personal  income  for  1965,  1970A,  and  1970B. 


**The  least-squares  projection  is  based  on  the  line, 

y  =  1373  +  112. IX,  from  data  1950  to  1961,  with  origin 
at  1956. 


***Based  on  projections  of  per  capita  consumption  of  semi- 
chemical  corrugating  medium  to  25.6  and  32.8  pounds  in 
1965  and  1960,  respectively,  as  compared  to  approximately 
22.5  pounds  at  present.   These  projections  were  then 
combined  with  Bureau  of  the  Census  population  projections, 


SOURCE:   Spindletop  Research 
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Table  11-24 

SEMICHEMICAL  CORRUGATING  MEDIUM 
REGIONAL  DEMAND  PROJECTIONS 
FOR  THE  UNITED  STATES,  196  5  and  1970 
(Thousands  of  Tons) 


Region 
United  States 


Projected  Demand* 


1965 


2516 


1970A 


3269 


1970B 


3860 


New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 

South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 


143 

186 

220 

601 

781 

923 

818 

1063 

1255 

169 

219 

259 

262 

340 

401 

75 

98 

116 

136 

177 

208 

23 

29 

35 

289 

376 

444 

*These  projections  were  obtained  by  applying  the  1958 
regional  distribution  of  corrugated  box  production  to 
national  demand  projections  obtained  by  the  correlation 
analysis  method. 
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Table  11-25 

SEMI CHEMICAL  CORRUGATING  MEDIUM, 
EXPORTING  AND  IMPORTING  REGIONS,  1962 
(Thousands  of  Tons) 


Region 


New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 

South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 


Production*   Consumption**   Surplus 


79 
604 
126 

690 
195 
316 

124 


122 

^22*** 

510 

431*** 

694 

90*  ** 

143 

17*** 

222 

468 

64 

131 

115 

201 

265 

141*** 

*Estimated  by  applying  the  1958  regional  distribution 
as  reported  in  the  Census  of  Manufacturers  to  1962 
U.  S.  production  as  estimated  by  the  National  Paper- 
board  Association. 

**See  Table  11-21. 

***Deficit,  or  importing  region. 
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The  three  southern  regions  presently  export  consid- 
erable tonnages  of  semichemical  corrugating  medium.   A  mill 
in  Western  Kentucky  would  be  more  favorably  located  to  serve 
the  East  North  Central  and  West  North  Central  markets  than 
would  mills  located  in  the  South  Atlantic,  East  South  Central, 
and  West  South  Central  exporting  regions.   Except  for  a 
minor  portion  of  the  East  South  Central  and  a  larger  portion 
of  the  South  Atlantic,  a  Western  Kentucky  location  would  also 
offer  transportation  advantages  in  serving  the  Middle  Atlantic 
and  New  England  regions. 

Summary 

The  construction  of  new  mills  to  produce  semichemical 
corrugating  medium  should  be  necessary  within  a  few  years. 
Comparison  of  regional  production  and  projected  regional 
demand  indicates  that  a  mill  located  in  Western  Kentucky  would 
be  favorably  located  to  serve  the  major  markets. 

BUILDING  BOARD 

The  building  board  group  is  composed  of  insulation 
board  and  hardboard  products.   Insulation  board  includes 
those  products  used  by  the  construction  industry  for  exterior 
sheathing,  interior  finishing,  and  acoustical  ceiling  tile. 
These  materials  are  available  in  various  thicknesses,  widths, 
and  lengths.   The  construction  industry  is  also  a  major 
consumer  of  hardboard  products,  which  are  used  for  both 
interior  and  exterior  surfacing.   .In  addition,  hardboard  is 
used  in  the  manufacture  of  furniture  and  cabinets. 

Market  Structure 

Building  board  used  in  the  construction  industry  is 
generally  marketed  through  wholesalers  and  retailers — building 
supply  houses,  lumber  dealers,  etc.   Building  board  used  in 
the  manufacture  of  other  products  is  sold  to  industrial 
consumers,  such  as  furniture  and  cabinet  manufacturers. 

There  is  a  considerable  number  of  independent 
wholesalers  and  retailers  engaged  in  the  distribution  of  these 
products.   However,  the  trend  toward  establishment  of  whole- 
sale outlets  by  producers  is  quite  noticeable. 
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Price 

Table  11-26  contains  price  information  for  insulation 
and  hardboard  products.   A  price  range  is  presented  for  some 
of  these  products,  since  there  are  many  product  variations  and 
brand  names.   The  prices  represent  carload  costs  to  wholesalers 
in  the  Lexington,  Kentucky  area. 

Consumption 

Apparent  U.  S.  consumption  of  building  board  products 
is  presented  in  Table  11-27  and  Figures  11-6  and  11-7. 
Consumption  of  building  board  in  1961  was  81  percent  greater 
than  the  1947  level  of  1,064,000.   Insulation  board  and  hard- 
board  experienced  increases  of  27  percent  and  214  percent, 
respectively,  during  this  period.   The  consumption  of  hard- 
board  products  in  1961  exceeded  for  the  first  time  the  con- 
sumption of  insulation  board.   The  United  States  in  1961 
consumed  971,000  tons  of  hardboard  as  compared  to  959,000 
tons  of  insulation  board. 

Insulation  Board 

The  construction  industry  uses  insulation  board 
chiefly  for  sheathing  and  acoustical  ceiling  tile.   In  1945, 
insulation  board  constituted  only  14  percent  of  the  sheathing 
market.   By  the  end  of  1960,  insulation  board  had  captured 
45  percent  of  this  market,  and  had  become  the  most  widely  used 
sidewall  sheathing  product.   Its  closest  competitors  are 
lumber,  which  accounts  for  30  percent  of  the  sheathing  market, 
and  gypsum  board,  with  13  per cent.  1 

A  major  reason  for  insulation  board's  wide 
acceptance  is  its  superior  insulating  quality.   This  product 
meets  the  Federal  Housing  Administration's  minimum  require- 
ments as  adequate  wall  insulation  throughout  the  United 
States.   In  addition,  insulation  board  is  lighter  per  square 
foot  than  any  other  generally  used  structural  sheathing  on 
the  market  today,  and  can  be  more  easily  handled  and  placed 
at  the  job  site.   It  possesses  good  strength  and  lends  it- 
self well  to  rapid  construction  techniques. 


Insulation  Board  Institute. 
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Table  11-26 

PRICES  OF  BUILDING  BOARD  PRODUCTS,  1963* 
(Dollars  Per  Thousand  Square  Feet) 


Insulation  Board  Products 


1/2"  Sheathing 
1/2"  Building  Board 
1/2"  Interior  Board 
25/32"  Sheathing 
3/4"  Building  Board 
3/8"  Wallboard 
5/16"  Shingle-Backer 
1/2"  Ceiling  Tileboard 
Horizontal  Siding 
Vertical  Siding 
Plain  Panel  Siding 


$  43.70  - 

62.70 

68.71 

46.87  - 

58.70 

74.10  - 

75.60 

109.20 

46.87 

45.50 

87.81  - 

250.00 

179.40 

185.80 

179.40 

Hardboard  Products 


1/8"  Interior  (S-2-S) 

1/4"  Interior  (S-2-S) 

1/8"  Perforated  (S-2-S) 

1/4"  Perforated  (S-2-S) 

1/4"  Perfagroove  (S-2-S. 

1/8"  Tempered  (S-l-S) 
3/16"  Tempered  (S-l-S) 

1/4"  Tempered  (S-l-S) 

1/8"  Perforated  (S-l-S) 

1/4"  Perforated  (S-l-S) 

1/4"  Panelplank  (S-l-S) 


57.50 

98.50 

76.00 

123.75 

116.00 

72.00 

99.00 

122.00 

90.00 

143.00 

100.00 


Decorative  Interior  Hardboard  Products 


1/4' 
1/4' 
1/4' 
1/4' 
1/4' 


Walnut  Grained 
Oak  Grained 
Teak  Grained 
Cherry  Grained 
Rosewood  Grained 


138.00 
138.00 
150.00 
150.00 
150.00 


*Prices  represent  cost  to  wholesalers  for  minimum  carload  lots 
the  Lexington,  Kentucky  area. 


in 


SOURCE : 


Insulite  Division  of  Minnesota  &  Ontario  Paper  Company. 
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Table  11-27 

BUILDING  BOARD,  APPARENT  U.  S.  CONSUMPTION 

1947-1961 
(Thousands  of  Tons) 


Year 

Building  Board 

Insulation  Board 

Hardboard 

1947 

1064 

755 

309 

1948 

1265 

862 

403 

1949 

838 

620 

218 

1950 

1228 

846 

382 

1951 

1277 

907 

370 

1952 

1312 

900 

412 

1953 

1379 

835 

544 

1954 

1495 

893 

556 

1955 

1659 

998 

661 

1956 

1699 

1013 

686 

1957 

1615 

899 

716 

1958 

1751 

980 

771 

1959 

2018 

1055 

963 

1960 

1890 

985 

905 

1961 

1930 

959 

971 

SOURCE:   Bureau  of  the  Census 
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Figure  11-6 

TOTAL  CONSUMPTION  OF  TOTAL  BUILDING  BOARD, 
INSULATION  BOARD,  AND  HARDBOARD  IN  THE  UNITED  STATES 

1947  -  1961 
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Acoustical  ceiling  tile  is  an  insulation  board 
product  for  which  demand  appears  to  be  increasing.   This 
product  is  low  in  cost,  provides  a  uniform  and  level  surface, 
helps  insulate,  is  lightweight  and  easy-to-handle ,  is  easy 
to  maintain,  and  provides  attractive  interiors  in  a  wide 
range  of  designs,  patterns,  and  colors.   It  appears  that  this 
product  will  become  more  widely  used  in  the  home  construc- 
tion industry.   However,  some  markets  have  been  lost  to 
products  which  are  not  flammable. 

Hardboard 

Hardboard  panels  are  of  two  general  types:  (1) 
standard,  or  untreated,  for  use  indoors  or  where  moisture  does 
not  present  a  problem,  and  (2)  tempered,  or  treated,  for 
outdoor  uses.   In  recent  years  approximately  57  percent  of 
domestic  output  has  been  standard,  the  remainder  tempered. 

Hardboard  panels  are  manufactured  with  one  or  both 
sides  smooth,  designated  in  the  trade  as  S-l-S  or  S-2-S, 
respectively.   In  addition,  specialty  surfaces — such  as 
perforated,  stained,  grooved,  tiled,  embossed,  ribbed, 
prefinished,  prime-coated,  and  printed  wood-grain  finish 
patterns — are  produced. 

The  very  considerable  increase  in  the  demand  for 
hardboard  over  the  past  few  years  has  been  noted  above. 
Wholesalers  and  retailers  alike  have  expressed  the  feeling 
that  the  market  for  hardboard  products  should  expand  rapidly. 

The  use  of  hardboard  for  door  panels  and  for 
exterior  siding  products  appears  to  be  increasing  quite 
rapidly.   In  addition,  hardboard  is  well  suited  for  interior 
finish  on  walls  and  ceilings  of  homes,  offices,  stores, 
restaurants,  churches,  theatres,  and  other  residential  and 
commercial  buildings.   These  products  are  generally  priced 
considerably  below  natural  wood  paneling.   Lexington,  Kentucky, 
builders  have  indicated  that,  for  interior  finishing  of 
homes,  hardboard  has  almost  completely  replaced  natural  wood 
paneling  in  homes  below  the  $35,000  price  range.   Related 
uses  for  hardboards  include  window  displays,  other  interior 
displays,  interior  signs,  screens,  and  moveable  temporary 
partitions . 


Spindletop  Market  Survey. 
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In  contrast  to  insulation  board,  the  construction 
industry  is  not  the  only  major  consumer  of  hardboard.   The 
furniture  industry  uses  about  20  percent  of  the  hardboard 
consumed  annually  in  the  United  States.   In  addition  to  its 
uses  on  exposed  surfaces,  where  it  may  be  printed,  coated, 
or  covered  with  a  veneer,  hardboards  are  used  as  cabinet 
and  mirror  backs;  drawer  bottoms,  dividers,  and  backs;  sofa 
bed  bottoms;  television  and  radio  cabinets;  kitchen  cabinets; 
counters  and  bars  ;  store  and  office  fixtures ;  bed  headboards  ; 
sliding  doors;  room  dividers;  chair  seats  and  backs;  juvenile 
furniture;  laboratory  and  school  furniture;  and  card  and  game 
tables . 

Other  industrial  consumers  of  hardboard  products 
are  manufacturers  of  toys,  automobiles,  railway  cars, 
electrical  equipment,  and  sporting  goods. 

Production 

Building  board  production  in  the  United  States  has 
increased  by  72  percent  since  1947.   Most  of  this  growth 
may  be  attributed  to  an  increase  of  176  percent  in  the 
production  of  hardboard.   By  way  of  comparison,  insulation 
board  production  increased  by  only  29  percent.   In  1947  the 
production  of  hardboard  in  the  United  States  was  314,000 
tons,  29.3  percent  of  total  U.  S.  production  of  building 
board.   In  1961  hardboard  production  was  865,000  tons,  or 
47  percent  of  total  production.   Production  data  for  the 
building  board  industry  is  presented  in  Table  11-28. 

A  factor  of  considerable  economic  importance  to 
the  building  board  industry  was  the  110,000  tons  of 
building  board  products  imported  by  the  United  States  in 
1961,  an  increase  of  258  percent  since  1950.   In  1950  imports 
accounted  for  only  1.6  percent  of  U.  S.  consumption,  as 
compared  to  11.6  percent  in  1961.   Exports  as  a  percent  of 
production,  as  might  be  expected,  have  declined  during  this 
period.   In  1950  exports  of  building  board  products  in  the 
United  States  were  2.3  percent  of  production,  as  compared 
to  0.7  percent  or  22,000  tons  in  1961. 

Capacity 

The  building  board  industry  has  an  annual  capacity 
of  2,600,000  tons  in  1961,  with  insulation  board  mills  account- 
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Table  11-28 

BUILDING  BOARD  PRODUCTION 
IN  THE  UNITED  STATES,  1947-1961 
(Thousands  of  Tons) 


Year 

Buildinq  Board 

Insulation  Board 

Hardboard 

1947 

1072 

758 

314 

1948 

1270 

867 

403 

1949 

839 

614 

225 

1950 

1220 

835 

385 

1951 

1269 

917 

352 

1952 

1309 

908 

401 

1953 

1374 

858 

516 

1954 

1473 

939 

534 

1955 

1622 

998 

624 

1956 

1642 

1012 

630 

1957 

1563 

908 

655 

1958 

1692 

979 

713 

1959 

1905 

1054 

851 

1960 

1784 

971 

813 

1961 

1842 

977 

865 

SOURCE 


Bureau  of  the  Census 
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ing  for  1,666,000  tons,  or  64  percent.   Hardboard  capacity 
was  934,000  tons.1 

It  should  be  noted  that  insulation  board  produc- 
tion was  only  977,000  tons  in  1961  (see  Table  11-28);  in 
other  words,  the  industry  operated  at  less  than  60  percent 
of  capacity.   On  the  other  hand,  hardboard  production  was  at 
92.5  percent  of  capacity.   Hardboard  consumption,  due  to  the 
large  volume  of  imports,  actually  exceeded  domestic  capacity. 

Improvements  and  expansions  of  existing  mills  are 
expected  to  increase  insulation  board  capacity  to  1,684,000 
tons  and  hardboard  capacity  to  967,000  tons  by  1965.  This 
would  amount  to  a  1.1  percent  increase  for  insulation  board 
and  a  3.5  percent  increase  for  hardboard,  or  a  2.0  percent 
increase  in  total  building  board  capacity. 

Future  Demand 

Demand  projections  for  building  board  products 
are  presented  in  Table  11-29.   Regional  demand  projections 
are  presented  in  Tables  11-30  and  11-31  for  insulation 
board  and  hardboard,  respectively. 

For  the  nation  as  a  whole,  insulation  board  consump- 
tion is  projected  to  increase  from  959,000  tons  in  1961  to 
1,140,000  tons  in  1965  and  to  1,271,000-1,374,000  tons  by  1970. 
It  is  believed  that  the  residential  construction  and  remodel- 
ing industry  will  hold  its  own  in  the  near  future,  thereby 
sustaining  the  demand  for  insulation  board.   However, 
domestic  capacity  is  currently  1,666,000  tons,  and  is 
expected  to  reach  1,684,000  tons  in  1965.   Thus,  it  appears 
that  reserve  capacity  would  amount  to  544,000  tons  in  1965 
and  at  least  310,000  tons  in  1970. 

Domestic  demand  for  hardboard  products  is  projected 
to  increase  from  971,000  tons  in  1961  to  1,241,000  tons  in 
1965  and  to  1,601,000-1,884,000  tons  by  1970.   Hardboard 


Capacity  is  on  a  historical  basis,  as  reported  by  the 
American  Paper  and  Pulp  Association  and  the  National 
Paperboard  Association. 

2Ibid. 
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Table  11-29 

PROJECTED  U.S.  DEMAND  FOR  BUILDING  BOARD,  1965  and  1970 

(Thousands  of  Tons) 

Demand 
Method  1965    1970A    1970B 

Correlation  Analysis*  2,370   2,890    3,300 

Correlation  Analysis  (Insulation 
Board)**  1,140   1,271    1,374 

Correlation  Analysis  (Hardboard) ***      1,241   1,601    1,884 

Least  -  Squares  Trend****  2,267       2,631 

Consumption  -  Population*****  2,355   2,735    2,963 


*This  projection  is  by  the  Business  and  Defense  Service 
Administration  of  the  U.  S.  Department  of  Commerce.  This  is 
an  aggregate  projection  for  insulation  board  and  hardboard. 

**This  projection  is  based  on  the  equation,  C  =  352  +  1.8751, 
where  C  and  I  represent  Consumption  and  Disposable  Personal 
Income  respectively.   The  projection  is  based  on  the  same  assump- 
tion that  applies  to  the  BDSA  projection  discussed  above. 

***This  projection  is  based  on* the  equation,  C  =  920.8  +  5.1471 
where  C  and  I  represent  Consumption  and  Disposable  Income 
respectively.   This  projection  is  based  on  the  same  assump- 
tion as  the  BDSA  projection  discussed  above. 

****The  least-squares  projection  is  based  on  the  line, 
Y  =  1495  +  70. 9X,  from  data  1947  to  1961  with  the  origin  at 
1954. 

*****The  consumption-population  projections  are  based  on  the 
population  projections  by  the  U.  S.  Department  of  Commerce 
referred  to  above.   Per  capita  consumption  of  building  board 
has  been  estimated  at  24  and  27  pounds  per  capita  for  1965 
and  1970  respectively. 


11-53 


Table  11-30 
INSULATION  BOARD,  REGIONAL  DEMAND  PROJECTION 
FOR  THE  UNITED  STATES,  1965  and  1970 
(Thousands  of  Tons) 


Region 


United  States 


1965 


Demand* 
1970A 


1,  140 


1,271 


1970B 


1,374 


New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 

South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 


65 

72 

78 

215 

240 

260 

225 

250 

271 

95 

105 

114 

168 

187 

202 

75 

84 

91 

109 

122 

132 

47 

53 

56 

141 

158 

170 

*The  regional  demand  projections  are  based  on  the 
correlation  analysis  projection  for  the  United  States  in 
Table  11-33.   The  regional  distribution  of  demand  was  then 
ascertained  on  the  basis  of  projected  population  since  the 
demand  for  this  product  is  closely  related  to  population. 
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Table  11-31 
HARDBOARD,  REGIONAL  DEMAND  PROJECTION 
FOR  THE  UNITED  STATES ,   1965  and  1970 
(Thousands  of  Tons) 


Region 


United  States 

New  England 
Middle  Atlantic 
East  North  Central 
West  North  Central 

South  Atlantic 
East  South  Central 
West  South  Central 
Mountain 
Pacific 


1965 


Demand* 
1970A 


1,241    1,601 


1970B 


1,884 


71 

91 

107 

235 

303 

356 

244 

315 

371 

103 

133 

156 

182 

235 

277 

82 

106 

124 

119 

154 

181 

51 

66 

77 

154 

198 

235 

*The  regional  demand  projections  are  based  on  the 
correlation  analysis  projection  for  hardboard  in  Table  11-33. 
The  original  distribution  of  demand  was  then  ascertained  on 
the  basis  of  population  projections  since  the  demand  for 
this  product  was  believed  to  be  closely  related  to  population 
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capacity  is  expected  to  be  only  967,000  tons  in  1965.   Taking 
into  account  the  role  of  imports,  it  nevertheless  appears 
that  construction  of  new  mills  will  be  necessary  within  a 
few  years.   Imports  have  been  important  chiefly  in  the 
industrial  market,  and  have  not  made  corresponding  gains  in 
the  construction  products.   Much  of  the  increased  demand  is 
expected  to  fall  within  the  latter  category,  especially  in 
decorative  and  specialty  products  for  both  interior  and 
exterior  use. 

SUMMARY 

There  appears  to  be  no  need  for  new  insulation 
board  mills  in  the  United  States.   However,  demand  projections 
indicate  considerable  potential  for  new  hardboard  mills. 

At  present,  there  are  18  hardboard  mills  in  the 
United  States,  with  9  of  these  located  in  the  eastern  half  of 
the  country,  7  in  Oregon,  1  in  Washington,  and  1  in  California. 
Of  the  9  eastern  mills,  Michigan,  Wisconsin,  Arkansas,  North 
Carolina,  and  South  Carolina  have  1  each,  and  Minnesota  and 
Mississippi  have  2  each.   Due  to  its  central  location, 
Kentucky  would  hold  transportation  advantages  over  many  of 
these  mills  in  serving  the  East  North  Central,  Middle 
Atlantic,  and  New  England  markets. 
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Section  12 
PROFITABILITY  ANALYSIS  -  NSSC  MILL 


The  preceding  analyses  of  technical  and  market  factors 
have  indicated  that  the  following  types  of  mills  might  prove 
economically  feasible  in  the  Paradise  area  of  Western  Kentucky: 

(1)  a  kraft  mill  to  produce  printing  papers  and  fine  papers, 

(2)  a  neutral  sulfite  semichemical  mill  to  produce  corrugating 
medium,  and  (3)  a  hardboard  mill. 

A  detailed  profitability  analysis  will  be  conducted 
for  the  neutral  sulfite  semichemical.   This  decision  is  not  com- 
pletely arbitrary,  since  the  predominantly  hardwood  forest  re- 
sources correspond  more  closely  to  NSSC  wood  requirements  than 
to  kraft  requirements.   There  might  also  be  resistance  on  the 
part  of  some  hardboard  companies  to  locating  a  mill  in  an  area 
where  requisite  "soft"  hardwoods  account  for  a  comparatively 
minor  proportion  of  the  hardwood  resources.   Finally,  effluent 
disposal  would  constitute  a  somewhat  greater  problem  for  a  kraft 
mill  than  for  an  NSSC  mill  with  facilities  for  disposing  of 
black  liquor.   It  should  be  understood,  however,  that  none  of 
these  factors  are  here  considered  to  be  prohibitive.   Rather,  the 
major  limiting  factors,  site  size,  topography,  and  the  necessity 
for  rail  spur  construction,  would  apply  to  each  of  the  alterna- 
tive mill  types. 

CAPITAL  INVESTMENT 

A  daily  capacity  of  250  tons  has  been  chosen  for  the 
NSSC  mill.   This  is  considered  the  optimum  size,  although  a  con- 
siderably smaller  operation  could  be  established. 

The  data  presented  throughout  this  section  were  obtained 
from  a  large  number  of  pulp  and  paper  companies,  machinery  and 
equipment  manufacturers,  and  engineering  firms.   In  most  cases, 
the  investment  and  operating  costs  are  "average"  figures.   Actual 
expenditures  would  depend  to  a  great  extent  on  the  desires  of 
the  company  building  the  mill  -  both  as  to  the  types  of  buildings 
to  be  constructed   and  the  particular  type  of  processing  equip- 
ment to  be  employed. 

It  should  be  noted  that  $500,000  has  been  provided  for 
rail  construction  to  the  site;  this  is  the  approximate  cost  of 
providing  the  Rochester  site  with  rail  service.   If  the  Morgantown 
site  were  chosen,  the  corresponding  cost  would  be  $770,000. 
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Another  factor  which  could  necessitate  additional 
capital  investment  (and  result  in  increased  operating  costs)  is 
the  high  chloride  content  of  the  Green  River.   The  river's 
chloride  content  has  been  reduced  considerably  in  recent  months, 
but  is  still  quite  high.   Specific  tests  would  be  necessary  in 
order  to  determine  the  actual  effect  of  the  chlorides  on  stain- 
less steel  equipment,  since  the    concentration,  nature,  and 
various  other  properties  of  the  river  enter  into  the  picture. 
The  capital  investment  costs  presented  in  this  section  do  not 
provide  for  chloride  reduction  equipment.   If  such  equipment 
proved  necessary,  a  capital  expenditure  of  approximately  $460,000 
would  be  involved. 

The  following  paragraphs  briefly  describe  each  depart- 
ment of  the  pulp  and  paper  mill,  with  an  explanation  of  the 
functions  performed  and  the  items  of  equipment  required.   Table 
12-1,  page  12-6,  presents  a  breakdown  of  required  capital  invest- 
ment costs  by  department. 

YARD  AND  OUTSIDE 

This  department  provides  for  purchase  and  grading  of  the  site, 
construction  of  a  100-acre  lagoon  for. effluent  storage,  con- 
struction of  rail  spur  to  the  site  and  rail  lines  within  the 
site,  and  road  construction.   Provision  is  also  made  for  the 
installation  of  fire  protection  equipment,  storm  drains,  outside 
lighting,  electrical  power  substation,  and  for  purchase  of  the 
necessary  yard  vehicles. 

WOODYARD  AND  CHIP  PREPARATION 

In  this  department  are  included  the  necessary  yard  cranes,  con- 
veyors, and  other  wood  handling  equipment  to  provide  the  wood 
chips  required  for  the  mill  production  on  a  one-shift  per  day, 
five-day  per  week  basis.   Also  included  are  two  67^-foot  long 
barking  drums  and  one  chipper.   Following  the  chipper,  the  chips 
would  be  screened  and  conveyed  to  storage  silos  for  use  in  the 
digester.   Bark  would  be  conveyed  to  the  power  boiler  for  burning. 

PULP  MILL 

The  pulp  mill  consists  of  the  required  continuous  digester,  re- 
finers, and  washing  system.   In  this  department  the  raw  chips 
are  cooked  under  pressure  with  the  neutral  sulfite  semichemical 
liquor.   From  the  digester,  chips  are  continuously  blown  to  a 
blow  tank  and  are  then  fed  to  the  refiners.   The  refined  pulp  is 
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then  washed  and  screened  and  put  into  storage  for  transfer  to  the 
stock  preparation  area. 

STOCK  PREPARATION 

In  the  stock  preparation  area,  waste  paper  is  received  in  bales 
and  is  fed  to  a  pulper  which  is  equipped  with  a  ragger  and  a 
junk  remover.   Pulp  from  the  pulper  is  pumped  to  a  storage  chest 
at  control  consistency.   The  necessary  cleaning  equipment  for 
removing  dirt  from  the  waste  paper  pulp  is  included.   In  the 
stock  preparation  area  the  waste  paper  pulp  and  neutral  sulfite 
semichemical  pulp  are  blended  and  refined  to  provide  the  required 
paper  machine  furnish. 

PAPER  MACHINE 

The  paper  machine  included  in  this  report  is  the  fourdrinier 
type,  equipped  with  all  of  the  required  auxiliaries.   It  is  sized 
to  produce  250  tons  per  day  on  a  22-hour  basis,  with  an  8  percent 
"down-time"  allowance.   The  necessary  ventilation  systems  and 
exhaust  systems  are  included  along  with  the  pumps,  vacuum  pumps, 
condensate  removal  equipment,  and  broke  handling  equipment.   Fol- 
lowing the  reel  of  the  paper  machine,  a  winder  is  included  to 
re-wind  the  jumbo  rolls  to  the  proper  length  and  diameter. 

ROLL  HANDLING 

The  roll  handling  equipment  consists  of  the  necessary  conveyors, 
bander,  and  scales  to  accept  the  set  of  rolls  from  the  winder, 
separate  these  rolls,  install  bands,  and  weigh  the  rolls  prior 
to  placing  in  storage  or  upon  the  common  carrier. 

STORAGE  AND  SHIPPING 


A  warehouse  capable  of  storing  about  2500  tons  of  paper  is  in- 
cluded.  If  some  paper  were  shipped  by  barge,  additional  ware- 
house space  would  be  required  at  a  cost  of  about  $45,000.   The 
warehouse  would  be  arranged  for  both  rail  and  truck  shipment. 
Rolls  would  be  handled  with  fork  lift  trucks  equipped  with  paper 
roll  clamps. 

BOILER  HOUSE 

This  department  includes  a  low-pressure  boiler  to  be  used  for 
generating  process  steam  and  for  burning  bark.   The  primary  fuel 
for  this  boiler  will  be  coal,  but  facilities  are  provided  for 
stand-by  use  of  oil.   The  boiler  is  complete  with  the  necessary 
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feed  water  equipment,  deaerator,  and  boiler  water  treatment 
equipment . 

EVAPORATORS 

This  department  consists  of  multiple-effect  polished  stainless 
steel  tube  evaporators  required  for  concentrating  the  cooking 
liquor  to  the  proper  density  for  burning  in  the  liquor  burning 
reactor.   The  necessary  storage  tanks  and  pumping  equipment  are 
included. 

LIQUOR  BURNING 

Liquor  burning  includes  the  necessary  facilities  to  burn  the 
neutral  sulfite  semichemical  liquor  in  a  fluidized  bed  reactor. 
The  reactor  equipment  is  a  patented  process,  and  a  royalty  must 
be  paid  on  each  ton  of  pulp  produced  using  this  technique.  The 
reactor  will  concentrate  the  liquor  to  dry  pellets  which  can  be 
trucked  to  a  disposal  area  or  discharged  into  the  river. 

LIQUOR  MAKING 

This  department  consists  of  the  necessary  equipment  to  manufacture 
the  neutral  sulfite  semichemical  cooking  liquor.   The  process 
involves  the  burning  of  sulphur  and  the  use  of  soda  ash. 

RAW  WATER  SUPPLY 

The  raw  water  supply  will  consist  of  a  pump  house  located  on  the 
Green  River  and  a  pipe  line  from  the  pump  house  to  the  water 
treatment  area.   The  top  of  the  pump  house  will  be  located  above 
flood  level  so  that  the  vertical  pump  motors  will  be  above  high 
water  at  all  times.   The  pump  house  will  be  equipped  with  bar 
screens  and  the  necessary  traveling  water  screens. 

WATER  TREATMENT 

The  water  treatment  will  consist  of  a  primary  clarifier  followed 
by  automatic  gravity  filters.   In  the  event  that  the  high  chloride 
system  in  the  Green  River  requires  equipment  for  chloride  reduc- 
tion, a  demineralizing  system  to  treat  half  of  the  mill's  water 
supply  would  cost  approximately  $460,000. 

WASTE  DISPOSAL 

This  department  provides  for  a  circular  clarifier  for  removal  of 
suspended  solids  and  the  necessary  equipment  for  discharging  the 
mill's  "white  water"  effluent  into  the  river. 
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SHOPS  AND  STORE 

In  the  shops  and  stores  area  the  necessary  knife  grinder,  roll 
grinder,  and  machine  shop  equipment  for  the  maintenance  of  the 
mill  will  be  located.  Also  included  in  this  department  is  the 
building  with  storage  bins  for  spare  parts  and  operating  supplies 

MAIN  OFFICE  AND  FACILITIES  BUILDING 

This  department  includes  the  office  facilities  required  for  the 
shipping,  billing,  and  management  personnel  of  the  mill.   Shower 
and  locker  facilities,  along  with  a  guard  room  and  time  clock 
area,  are  also  included  in  this  department.   Offices  throughout 
the  mill  for  the  operating  management  are  included  in  the  indi- 
vidual departments. 
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Table  12-1 

REQUIRED  CAPITAL  INVESTMENT 
2  50  -  TON  NSSC  MILL 


ESTIMATED 

DEPARTMENT  TOTAL  CONSTRUCTION  COST 

Yard  and  Outside  $  1,515,000 

Woodyard  &  Chip  Preparation  1,270,000 

Pulp  Mill  2, 080,000 

Stock  Preparation  990,000 

Paper  Machine  4,700,000 

Roll  Handling  130,000 

Storage  and  Shipping  155,000 

Boiler  House  2,880,000 

Evaporators  310,000 

Liquor  Burning  415,000 

Liquor  Making  290,000 

Raw  Water  Supply  242,000 

Water  Treatment  354,000 

Waste  Disposal  305,000 

Shops  and  Stores  750,000 

Main  office  &  Facilities  Building          575, 000 

TOTAL  $16, 961,000 
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OPERATING  COSTS 

Table  12-2  lists  the  hourly  employees  required  by 
department.   The  wages  are  based  on  the  scale  of  the  United 
Papermakers  and  Paperworkers .   Table  12-3  presents  similar  in- 
formation for  salaried  personnel. 

Table  12-4  presents  a  breakdown  of  the  cost  per  ton  of 
producing  corrugating  medium.   The  mill  is  sized  to  produce  250 
tons  per  day,  or  82,500  tons  per  year.   Depreciation  was  taken 
on  a  straight-line  basis,  with  a  life  of  18  years  assumed  for 
machinery  and  equipment  and  20  years  for  buildings  and  the  rail 
spur . 

It  is  assumed  that  working  capital  requirements  would 
approximate  $1,000,000,  including  $500,000  for  stocking  the 
necessary  spare  parts,  machine  clothing,  and  operating  supplies. 
In  order  to  determine  the  financing  requirements,  this  figure 
must  be  added  to  the  capital  investment,  producing  a  total  of 
$17,961,000.   It  is  further  assumed  that  $9,000,000  of  this 
amount  would  be  obtained  through  sale  of  6  percent  debenture 
bonds.   Thus,  annual  interest  expense  would  amount  to  $540,000. 

A  projected  operating  statement  for  the  mill  is  given 
in  Table  12-5.   It  is  assumed  that  the  mill  would  be  operated  by 
a  large,  integrated  company,  with  the  output  of  corrugating 
medium  being  sent  to  one  or  more  box  plants  operated  by  the  same 
company.   Therefore,  no  sales  or  research  and  development  func- 
tions would  be  conducted  at  the  mill.   It  is  further  assumed  that 
a  rail  haul  to  Chicago  would  be  representative  of  costs  incurred 
in  transporting  the  mill's  production  to  box  plants.   Rail  rate 
"C"  (see  Table  10-1)  was  considered  average,  since  small  ship- 
ments may  be  necessary  on  occasion.   By  adding  $1.90  for  switching 
costs,  an   "average"  transportation  cost  of  $10  per  ton  was 
obtained . 

The  projected  net  income  of  $2,427,254  is  25.0  percent 
of  sales,  as  compared  to  an  average  of  10.6  percent  for  39  inte- 
grated pulp  and  paper  companies  in  1962.    Net  income  as  a  ratio 
of  total  assets  is  13.5  percent;  the  corresponding  figure  for  the 
39  companies  in  the  above  study  was  10.8  percent. 


A  Capital  and  Income  Survey  of  the  United  States  Paper 
Industry,  American  Paper  and  Pulp  Association,  September, 
1963. 


12-7 


The  major  questionable  factor  involved  in  this  profita- 
bility analysis  is  the  high  chloride  content  of  the  Green  River. 
If  the  water  required  demineralization,  the  cost  would  be  $4.80 
per  ton,  or  $396,000  per  year.   Net  income  would  be  reduced  to 
$2,031,254,  or  20.8  percent  of  sales  and  11.3  percent  of  total 
assets.   These  ratios,  however,  are  still  favorable. 
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Department 

Woodyard  &  Chip 
Preparation 


Table  12-2 

LABOR  REQUIREMENTS 
250-TON  NSSC  MILL 


Position 


No. 
Required 


Basic 
Hourly  Wage 


Foreman 

1 

2.28 

Crane  Operator 

2 

2.13 

Operators 

1 

2.16 

Chipper  Feeders 

1 

2.08 

Crane  Service  Men 

1 

2.28 

Clean-up 

2 

2.00 

Labor 

2 

2.00 

10 


Pulp  Mill 


Operator 
Operator  Helper 


2.26 
2.16 


Stock  Preparation^ 


Paper  Machine 


Operator 

4 

2.15 

Helper 

1 

2.03 

Fork  Truck 

Operator 

1 

2.05 

Machine  Tender 

4 

2.50 

Back  Tender 

4 

2.22 

Third  Hand 

4 

2.10 

Fourth  Hand 

4 

2.05 

Fifth  Hand 

4 

2.00 

20 
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Table  12-2  -  cont'd. 


Department 
Finishing  &  Shipping 


No. 

Basic 

Position 

Required 

Hourlv  Wage 

Shipping  Cle 

rk 

4 

2.40 

Roll  Bander 

4 

2.05 

Lift  Truck 

Operator 

5 

2.05 

Car  Loader 

1 

2.05 

Car  Bracer 

1 

2.05 

Boiler  House 


15 


Watch  Engineer 

4 

2.33 

Fireman 

4 

2.22 

Coal  Man 

4 

2.01 

Clean-up 

1 

2.00 

13 


Liquor  Burning 
&  Evaporators 


Liquor  Making 


Operator 


Operator 
Helper 


4 

2.16 

4 

4 

2.08 

1 

2.03 

Water  Treatment 


Operator 
Helper 


4 
1 


2.33 
2.03 
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Table  12-2  -  cont'd, 


Department 
Shops  and  Stores 


Laboratory 


No. 

Basic 

Position 

Required 

Hourly  Wage 

Head  Stores 

1 

2.50 

Clerks 

4 

2.38 

Truck  Driver 

1 

2.16 

Labor 

1 

2.00 

Millwrights 

6 

2.28 

Millwrights 

Helpers 

2 

2.00 

Pipefitters 

2 

2.28 

Pipefitters 

Helpers 

2 

2.00 

Welders 

2 

2.28 

Insulators 

1 

2.16 

Insulators 

Helpers 

1 

2.00 

Oiler 

6 

2.15 

Machinists 

3 

2.28 

Electricians 

5 

2.33 

Electricians 

Helpers 

2 

2.20 

Instrument  Mechanic 

3 

2.33 

Roll  Grinder 

1 

2.16 

Painter 

2 

2.16 

Knife  Grinder 

2 

2.16 

Carpenter 

1 

2.28 

Labor 

9 

2.00 

57 


Technician 

2 

2.28 

Pulp  Mill  Shift 

Chemist 

4 

2.26 

Paper  Mill  Tester 

4 

2.00 

Labor 

2 

2.00 

Sample  Men 

4 

2. On 

Analyst 

1 

2.16 

17 
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Table  12-2  -  cont'd 


Department 

Position 

Required 

Hourly  Wage 

Yard 

Truck  Driver 

2 

2.16 

Operator 

2 

2.05 

Labor 

6 

2.00 

12-12 


10 


TOTAL  ALL  DEPARTMENTS  170 


Table  12-3 

SALARIED  PERSONNEL 
250-TON  NSSC  MILL 


Position 

Mill  Manager 

Pulp  Mill  Superintendent 

Paper  Mill  Superintendent 

Power  Superintendent 

Pulp  Mill  Tour  Foreman 

Paper  Mill  Tour  Foreman 

Chief  Chemist 

Plant  Engineer 

Engineer 

Maintenance  Foreman 

Office  Manager 

Purchasing  Agent 

Personnel  Director 

Stenographer 

Guard 

Electrical  Foreman 

Payroll  Clerk 

Wood  Procurement  Director 

TOTAL 


Annual 

No. 

Salary 
$  25,000 

Total 

1 

$  25,000 

1 

15,000 

15,000 

1 

17,000 

17,000 

1 

16,000 

16,000 

4 

11,000 

44,000 

4 

13,000 

52,000 

1 

12,000 

12,000 

1 

15,000 

15,000 

1 

8,000 

8,000 

1 

11,000 

11,000 

1 

10,000 

10,000 

1 

12,000 

12,000 

1 

10,000 

10,000 

3 

5,000 

15,000 

4 

5,000 

20,000 

1 

9,000 

9,000 

1 

6,000 

6,000 

1 

12,000 

12,000 
$309,000 
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Variable  Costs 


Table  12-4 

COST  PER  TON 
OF  CORRUGATING  MEDIUM 
250-TON  NSSC  MILL* 


Labor 

Payroll  taxes  &  benefits  (@  27%) 

Coal  (.8  ton) 

Power 

Pulpwood  (1  cord  @   $12.50) 

Sulfur  (81  lbs.  @  $20.92/ton) 

Freight  (@  $8.55/ton) 
Soda  ash  (385  lbs.  ®  $32/ton) 

Freight  (@  $7.30/ton) 
Waste  paper  (300  lbs.  @  $18/ton) 

Freight  (@  30C/100  lb.) 
Water  treatment  chemicals 
Boiler  feed  water 
Supplies  and  materials 
Reactor  royalty 


$11,784 

3.182 

3.400 

4.698 

12.500 

0.847 

0.346 

5.872 

1.340 

2.700 

0.900 

0.880 

0.020 

6.760 

0.450 

$55,679 

Fixed  Costs 

Salaries  (incl.  benefits)  $  4.120 

Depreciation  11.040 

Interest  (@  6%;  based  on  $9,000,000)  6.545 

Insurance  (@  0.3%)  0.617 

Taxes  0.727 


23.049 


TOTAL  COST  PER  TON 


$78.728 


♦Assumes  330  operating  days  per  year, 
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Table  12-5 

PROJECTED  ANNUAL  OPERATING  STATEMENT 
250-TON  NSSC  MILL* 


Revenue 

Sales  (82,500  tons  @  $118) 

Less  transportation  (@  $10/ton) 


Expenses 


$9, 735,000 
825,000 


$8,910,000 


Labor 

Payroll  taxes  and  benefits 

Pulpwood 

Chemicals,  cooking 

Waste  paper 

Coal 

Power 

Water  treatment  chemicals 

Boiler  feed  water 

Supplies  &  materials 

Reactor  royalty 

Salaries  (incl.  benefits) 

Depreciation 

Interest 

Insurance 

Taxes 


972, 206 
262,495 
031, 250 
693,410 
284,625 
280, 500 
387, 585 

72,600 

1,650 

557, 700 

37, 125 
339,900 
910,800 
540,000 

50,900 

60,000 


Total  Expenses 


6,482, 746 


Net  Income  (before  income  taxes) 


$2,427, 254 


*330  operating  days  per  year 
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Appendix  A 

METHODOLOGY  USED  TO  OBTAIN  ESTIMATES  OF  1963 

VOLUME  OF  HARDWOODS  IN  A  17 -COUNTY 

PROCUREMENT  AREA 


Recent  forest  inventory  data  are  not  available  for  the 
Western  Kentucky  area.   A  detailed  inventory  is  now  nearing 
completion,  with  publication  of  the  results  scheduled  for  the  fall 
of  1964.   Data  gathered  in  1949*  were  used  to  estimate  1963  timber 
volume  statistics  for  the  hardwood  procurement  area. 

The  1949  data  were  presented  by  species  and  by  region, 
as  follows:   Western  Coalfield,  Pennyroyal,  Bluegrass,  and 
Cumberland.   The  17-county  hardwood  procurement  area  approximates, 
but  does  not  coincide  with,  the  Western  Coalfield  Region.   It 
contains  14  of  the  20  Western  Coalfield  counties  and  3  of  the  20 
Pennyroyal  counties . 

The  proportion  of  the  total  Western  Coalfield  forest 
area  accounted  for  by  the  14  counties  in  the  procurement  area  was 
obtained.   This  ratio  was  then  applied  to  the  total  Western  Coal- 
field volume  of  each  of  the  hardwood  species.   This  step  yielded 
1949  estimates  of  hardwood  volume,  by  species,  for  the  14 
counties.   Volume  figures  for  the  3  counties  located  in  the 
Pennyroyal  Region  were  obtained  in  the  same  way.   These  two  sets 
of  figures  were  added  to  give  the  total  1949  volume  data  by 
species  for  the  17-county  procurement  area. 

Assuming  a  net  growth  rate  of  2  percent  annually 
(4-5  percent  growth  and  2-3  percent  drain)  ,  the  194'."  figures  were 
multiplied  by  1.3195,  a  factor  found  to  apply  when  a  growth  rate 
of  2  percent  annually  has  occurred  over  a  period  of  14  years.** 


* 

Forest  Statistics  of  Central  Kentucky.   Central  States 

Forest  Experiment  Station,  June  1950. 

**It  was  subsequently  learned  that  preliminary  results 
of  the  current  forest  inventory  indicate  that,  for  Kentucky  as  a 
whole,  1962  volume  of  growing  stock  is  1.33  times  greater  than  in 
1949.   The  factor  used  in  this  study  compares  very  well  with  this 
finding. 
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The  total  1949  growing  stock  volume  of  wood  was 
obtained  by  county  as  follows.   The  total  Western  Coalfield 
volume  of  all  species,  was  multiplied  by  the  proportion  of  the 
total  Western  Coalfield  forest  area  occupied  by  each  of  the 
counties  included  in  the  17-county  study  area.   The  same  process 
was  followed  for  those  counties  in  the  Pennyroyal  Region.   The 
1949  estimates  of  total  volume,  by  county,  so  obtained  were  then 
multiplied  by  a  factor  of  1.3195  to  obtain  the  1963  county  data. 

For  the  above  methodology  to  prove  valid,  it  is,  of 
course,  necessary  to  assume  that  (a)  forest  density  per  acre  of 
forested  land  is  the  same  for  all  counties  within  the  study  area, 
and  (b)  the'  proportions  of  the  total  forest  area  occupied  by  the 
various  species  is  uniform  throughout  the  area. 

It  is  the  opinion  of  the  Central  States  Forest  Exper- 
iment Station  personnel  that  the  technique  outlined  above 
provides  quite  accurate  estimates  of  1963  timber  volume. 
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Appendix  B 
SURVEY  OF  NEARBY  CITIES 


Owensboro  and  Bowling  Green,  Kentucky,  are  the 
largest  cities  in  the  Muhlenberg-Butler  County  area  having  a 
full  complement  of  community  facilities.   Owensboro  is  located 
35  miles  north  of  Central  City  via  U.  S.  Route  431,  and  40,  42, 
and  50  miles  north  of  the  Rockport,  Morgantown,  and  Rochester 
sites,  respectively.  Bowling  Green  is  located  33,  42,  and  54 
miles  southeast  of  the  Morgantown,  Rochester,  and  Rockport  sites, 
respectively.   Both  of  these  major  cities  provide  a  range  of 
housing  and  related  facilities  to  meet  almost  any  need. 

Central  City,  Greenville,  Beaver  Dam,  and  Morgantown 
also  have  the  essential  community  facilities,  but  offer  a  some- 
what different  living  environment.  Rockport,  Drakesboro,  and 
Rochester  are  nearby  for  those  who  prefer  even  smaller  towns. 

The  following  section  deals  with  the  facilities  and 
amenities  available  at  the  larger  cities  in  the  vicinity  of  the 
proposed  mill  sites. 

OWENSBORO,  KENTUCKY 

1960  Population:   Owensboro  -  42,471;  Daviess  County  -  70,588 

Transportation 

Railroads 

Owensboro  is  served  by  the  Illinois  Central  and  the 
Louisville  and  Nashville  Railroads  with  eight  daily  freights. 

Highways 

Owensboro  is  served  by  three  U.  S.  highways  and  two 
State  highways.   US  60,  a  major  east-west  highway,  and  US  230 
and  431,  north-south  routes,  connect  with  other  major  highways 
in  Kentucky  and  bordering  states . 

Air 

Owensboro  is  one  of  the  two  cities  serving  the  study 
area  with  regularly  scheduled  airline  service.  The  Owensboro- 
Daviess  County  Airport,  located  three  miles  west  of  Owensboro, 
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is  served  by  Eastern  and  Ozark  Airlines.   Eastern  has  two  flights 
daily  connecting  Evansville,  Louisville,  Chicago,  and  St.  Louis. 
Ozark  has  three  flights  daily  connecting  Louisville,  Paducah,  and 
St.  Louis. 

The  field  has  two  lighted  and  paved  runways  (3,700'x  100' 
and  4,000'  x  100'),  weather  service,  and  a  lighted  rotating  beacon. 
Radio  facilities  consist  of  OMNI-110.2  mc,  Unicom-122.8  mc,  and 
Evansville  Control-125 .8  mc .   Services  offered  to  the  public  include 
gas  and  oil,  major  A&E  repairs,  general  flying  service,  aerial  crop 
spraying  and  taxi. 

Water 

The  Owensboro  River-Rail  Terminal  serves  the  city. 

Utilities 

Electricity 

Electricity  in  the  Owensboro  area  is  supplied  by  Owens- 
boro Municipal  Utilities,  the  Kentucky  Utilities  Company,  and  the 
Green  River  Rural  Electric  Cooperative  Corporation.  The  systems 
are  interconnected. 

Na  tu  ra  1  Ga  s 

Owensboro  is  served  by  the  Western  Kentucky  Gas  Company, 
whose  source  of  supply  is  the  Texas  Gas  Transmission  Corporation. 

Water 

Finished  water  is  provided  by  the  Owensboro  Municipal 
Utilities  from  22  deep  wells.  The  capacity  of  the  system  is 
20,000,000  gallons  per  day  with  a  present  (1962)  surplus  of 
10,000,000  gallons. 

Sewerage 

A  modern  sewerage  disposal  plant  and  collection  system 
serves  the  entire  city.  Daily  capacity  is  16  million  gallons; 
daily  flow  averages  6.7  million  gallons. 

Housing 

Over  the  past  few  years,  residential  construction  has 
rapidly  increased  to  meet  the  demand  for  new  housing.   Two-bed- 
room apartments  and  houses  rent  for  $50.00  to  $109.00  per  month. 
The  construction  cost  of  a  three-bedroom  house  will  range  from 
$11,000  to  $17,000,  depending  on  size,  design,  and  materials  used. 
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Health 

Owensboro  has  two  modern,  well-equipped  and  well-staffed 
hospitals.   The  285-bed  Owensboro-Daviess  County  Hospital,  Inc., 
is  equipped  with  a  pharmacy,  physical  therapy  department,  complete 
clinical  pathology  laboratories,  modern  operating  and  recovery 
rooms,  and  is  an  approved  training  school  for  registered  nurses. 
Our  Lady  of  Mercy  Hospital  has  a  bed  capacity  of  125  plus  30 
bassinets . 

Education 


The  Owensboro  Independent  System  consists  of  15  schools 
2  senior  highs,  3  junior  highs,  and  10  elementary  schools.   The 
parochial  schools  number  eight  in  all  -  1  Catholic  high  and  7 
combined  junior  high  and  elementary  schools.  Daviess  County  has  1 
senior  high,  2  junior  highs,  and  11  elementary  schools.   The 
education  facilities  are  considered  more  than  adequate  and  there 
is  no  immediate  need  for  physical  expansion. 

Table  B-l  compares  enrollment,  number  of  teachers,  and 
student-teacher  ratio  for  the  three  school  systems. 


Table  B-l 

SCHOOLS,  ENROLLMENT,  NUMBER  OF  TEACHERS,  AND 

STUDENT-TEACHER  RATIO  IN  OWENSBORO  AND 

DAVIESS  COUNTY 


System 


Enrollment 


No.  of 
Teachers 


Student-Teacher 
Ratio 


Owensboro  Independent 

Parochial 

Daviess  County 


6,  785 
3,825 
5,370 


3  20 
103 
238 


21.2 

37 

22.5 


The  Owensboro  Area  Vocational  School  is  also  located 
within  the  city.   Courses  offered  include  auto  mechanics, 
cosmetology,  drafting,  electronics,  general  industrial  elec- 
tricity, machine  shop,  printing,  radio,  television,  woodworking, 
and  carpentry . 

Brescia  College,  with  an  enrollment  of  400,  prepares 
professional  teachers  and  offers  liberal  arts  and  preprofessional 
curricula.   It  is  under  the  direction  of  the  Ursuline  Nuns  of 
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Mount  St.  Joseph  and  was  admitted  to  membership  in  the  Southern 
Association  of  Colleges  and  Secondary  Schools  as  a  senior 
college  in  1951. 

Kentucky  Wesleyan,  with  an  enrollment  of  700,  was 
opened  in  1951  and  is  also  a  member  of  the  Southern  Association 
of  Colleges  and  Secondary  Schools.   The  school  confers  the 
Bachelor  of  Arts  and  Bachelor  of  Science  degrees  and  offers 
preprof essional  curricula. 

Libraries 

The  Carnegie  Free  Public  Library  contains  31,466 
volumes,  with  bookmobile  service  for  rural  areas  of  the  County. 
Excellent  library  facilities  and  services  are  also  available  at 
Brescia  and  Kentucky  Wesleyan  Colleges. 

Churches 

Owensboro* s  100  churches  include  almost  every 
denomination  existing  in  the  United  States  today. 

Communications 

The  Owensboro  Messenger  and  Inquirer  (morning,  evening 
and  Sunday)  has  a  circulation  of  25,450.   Daily  and  Sunday  papers 
are  also  available  from  Louisville,  Kentucky,  and  Evansville, 
Indiana . 

Two  local  radio  stations,  WVJS  at  1420  kc,  and  WOMI 
at  1490  kc,  serve  Owensboro  and  surrounding  areas. 

Television  reception  is  good  from  two  stations  in 
Evansville,  Indiana,  one  in  Henderson,  Kentucky,  and  one  in 
Louisville,  Kentucky. 

Recreation 

The  City  of  Owensboro  maintains  and  operates  4  parks 
which  provide  year-around  recreational  opportunities.   All  4  have 
equipped  playgounds,  picnic  areas,  and  outdoor  cooking  facilities. 

The  Owensboro  Memorial  Recreation  Center,  located  in 
Moreland  Park,  contains  the  Sportscenter  Building  and  a  200'  x 
80'  swimming  pool.   Seating  capacity  is  6,500  for  basketball 
and  9,500  for  stage  shows. 
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Both  summer  and  winter  recreational  programs  are  super- 
vised by  a  full-time  Recreation  Director.   During  the  summer 
months  11  playgrounds  are  operated,  and,  in  winter, Youth  Centers 
are  operated  at  3  junior  high  school   gyms. 

Owensboro  Country  Club  has  an  18-hole  golf  course, 
tennis  courts,  and  swimming  pool.   The  Windridge  Country  Club 
has  an  18-hole  golf  course  and  a  swimming  pool.  There  is  also  a 
9-hole  municipal  golf  course  in  the  city. 

Excellent  boating  and  fishing  are  available  on  the 
Ohio  River,  where  both  private  and  public  dock   facilities  are 
available. 

Owensboro  has  two  bowling  alleys  with  a  total  of  36 
lanes. 

There  are  three  downtown  movie  theatres  and  three 
drive-in  theatres . 

BOWLING  GREEN,  KENTUCKY 

1960  Population:   Bowling  Green  -  28,338,  Warren  County  -  45,491 

Transportation 

Railroads 

Bowling  Green  is  served  by  the  Louisville  &  Nashville 
Railroad  and  is  the  terminal  point  of  the  Memphis  Division. 

Highways 

Passing  through  Bowling  Green  are  the  heavily  traveled 
north-south  routes  US  31W  and  231,  and  east-west  route  US  68. 
Important  feeder  roads  into  the  city  are  Kentucky  routes  67,  80, 
and  234.   The  proposed  north-south  Interstate  65  will  pass  2 
miles  east  of  Bowling  Green. 

Air 

The  Bowling  Green-Warren  County  Municipal  Airport, 
located  2  miles  southeast  of  Bowling  Green,  has  two  lighted 
runways  plus  radio  and  navigation  facilities.   Eastern  Airlines 
operates  four  flights  daily  to  Louisville,  Kentucky,  and 
Nashville,  Tennessee. 
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Water 

Bowling  Green  is  served  by  a  5%    foot  channel  on  the 
Barren  River, which  in  turn  connects  with  the  Ohio  River  system 
via  the  Green  River. 

Utilities 

Electricity 

Electricity  is  supplied  to  the  city  by  the  Bowling 
Green  Electric  Plant  Board  which  is  served  by  TVA. 

Natural  Gas 

Natural  gas  is  supplied  to  Bowling  Green  and  the 
surrounding  area  by  Western  Kentucky  Gas  Company,  whose  source  of 
supply  is  Texas  Gas  Transmission  Corporation  and  Tennessee  Gas 
Transmission  Company. 

Water 

The  Bowling  Green  Water  System  obtains  its  raw  water 
from  the  Barren  River.  The  maximum  daily  use  is  5,000,000  gallons; 
present  treatment  capacity  is  7.5  million  gallons  per  day. 

Sewerage 

The  city  has  separate  storm  and  sanitary  sewers  which 
serve  approximately  one-half  of  the  city.  The  remainder  is 
served  by  sanitary  sewers  alone.   Future  plans  are  to  enlarge 
the  present  system  to  accommodate  a  population  of  75,000. 

Housing 

The  rental  range  for  two  and  three  bedroom  homes  is 
from  $65  to  $125  per  month.   Construction  costs  for  new  dwellings 
are  based  on  a  $10  per  square  foot  minimum. 

Health 

The  Bowling  Green-Warren  County  Hospital,  with  110 
rooms,  has  a  staff  of  35  registered  nurses  and  33  doctors.   The 
Graves-Gilbert  Clinic  and  the  McCormack-Wilson  Clinic  are 
available  diagnostic  facilities. 
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Education 

The  Bowling  Green  Independent  and  Warren  County  School 
systems  have  a  combined  enrollment  of  8,666  students  and  332 
teachers,  a  student-teacher  ratio  of  26.   Private  and  parochial 
schools  have  829  students  and  37  teachers,  a  22.4  student- 
teacher  ratio. 

The  Western  Trade  School  at  Bowling  Green  offers 
courses  in  wood  fabrication,  electronics,  sheet  metal  work,  and 
machinery. 

Bowling  Green  is  also  the  home  of  the  Western  Kentucky 
State  College,  which  offers  BA  and  BS  degrees  in  the  liberal  arts 
fields,  and  Bowling  Green  Business  University,  which  specializes 
in  the  teaching  of  commerce  subjects. 

Libraries 

The  Bowling  Green  Public  Library  contains  about  25,000 
volumes.  Bookmobile  service  is  available  in  the  county  and  the 
Western  Kentucky  State  College  Library,  with  110,000  volumes,  is 
also  available  to  the  public. 

Churches 

The  62  churches  of  Bowling  Green  include  Presbyterian, 
Methodist,  Baptist,  Episcopal,  Christian,  Christian  Science, 
Church  of  God,  Church  of  Christ,  Holiness,  Nazarene,  Catholic, 
Seventh  Day  Adventist,  Jehovah's  Witnesses,  and  Church  of  Latter- 
day  Saints. 

Communications 

The  Park  City  Daily  News  is  published  daily  and  has  a 
circulation  of  13,500.   Daily  papers  are  also  available  from 
Louisville,  Nashville,  and  Memphis. 

Bowling  Green  has  three  radio  stations,  WKCT  at  930  kc, 
WLBS  at  1410  kc,  and  WBGN  at  1340  kc .   VHF  television  channel 
13  broadcasts  from  Bowling  Green  with  maximum  allowable  power 
under  FCC  regulations.   Television  reception  is  good  on  channels 
4  and  5  from  Nashville,  Tennessee. 
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Recreation 

Municipal  recreation  facilities  in  Bowling  Green 
include  5  public  parks  with  picnic  and  playground  facilities, 
8  baseball  diamonds  (3  lighted),  and  one  9-hole  golf  course. 
The  city  employs  a  full-time  recreation  director.   The  Youth 
Center,  a  $12,000  structure  which  is  large  enough  to  handle 
most  indoor  games,  is  open  during  the  school  year  and  has  a 
planned  program  of  recreation. 

Private  facilities  open  to  the  public  include  14 
tennis  courts  on  the  campus  of  Western  State  College.   Private 
facilities  open  to  membership  include  the  Bowling  Green  Clubhouse, 
which  has  a  swimming  pool  and  an  18-hole  golf  course,  and  the 
Indian  Hills  Clubhouse  with  a  9-hole  golf  course  and  a  swimming 
pool . 

CENTRAL  CITY,  KENTUCKY 

Central  City  is  the  largest  city  in  the  immediate 
vicinity  of  the  Rockport  and  Rochester  sites.   It  is  located 
about  7  miles  west  of  Rockport  via  US  62  and  15  miles  north  and 
west  of  Rochester,  via  Kentucky  70  and  US  431.   Because  of  its 
proximity  to  the  sites,  more  detailed  data  will  be  given  on 
Central  City  than  Owensboro  or  Bowling  Green. 

Transportation 

Railroads 

The  Illinois  Central  Railroad  and  the  Louisville  and 
Nashville  Railroad  serve  Central  City.   The  Illinois  Central 
Railroad  has  (as  of  1958)  week-day  switching  service  with  two 
tracks  for  24  cars.   The  L  &  N  Railroad  has  one  local  freight 
daily  each  way  and  offers  3  team  tracks  with  switching  service 
for  20  cars . 
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Table  B-2 
RAILWAY  TRANSIT  TIMES  FROM  CENTRAL  CITY 


To 

Atlanta 

Birmingham 

Chicago 

Cincinnati 

Cleveland 

Detroit 

Knoxville 


Arrive 

41  hrs 
19  hrs 
27  hrs 
26  hrs 
40  hrs 
51  hrs 

42  hrs 


To 

Louisville 
Los  Angeles 
Nashville 
New  Orleans 
New  York 
Pittsburgh 
St.  Louis 


Arrive 

8  hrs, 
146  hrs, 
28  hrs, 
37  hrs 
63  hrs 
55  hrs 
22  hrs 


Highways 

Central  City  is  served  by  Kentucky  70  and  US  431  and  62 

Truck  lines  serving  Central  City  include:   Eck  Miller 
Truck  Lines,  Owensboro,  Kentucky;  Arnold  Ligon  Truck  Lines, 
Madisonville,  Kentucky;  and  the  Turley  Transfer  Company,  Central 
City. 


To 


Table  B-3 
HIGHWAY  DISTANCES  FROM  CENTRAL  CITY 


Miles 


To 


Atlanta 

364 

Birmingham 

321 

Chicago 

439 

Cincinnati 

239 

Detroit 

502 

Knoxville 

301 

Miles 


Lexington 

214 

Louisville 

134 

Nashville 

108 

New  York 

887 

Pittsburgh 

522 

St.  Louis 

255 

Air 

The  nearest  commercial  airport  is  the  Owensboro- 
Daviess  County  Airport  at  Owensboro,  Kentucky,  35  miles  distant 
(see  page  B-l) .   The  Greenville-Central  City  Airport,  seven 
miles  south  of  Central  City,  is  for  light  craft  only. 
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Water 

Owensboro,  35  miles  north  of  Central  City,  has 
complete  barge  facilities  (see  page  B-2) .   The  Green  River, 
about  2  miles  north  of  Central  City  has  a  9-foot  channel  and  is 
used  extensively  for  the  shipping  of  coal. 

Utilities 

Electricity 

Central  City  is  served  by  the  Kentucky  Utilities 
Company,  whose  source  of  supply  is  the  Green  River  Power  Plant 
located  a  few  miles  north  of  Central  City. 

Natural  Gas 

Central  City  is  served  by  the  Western  Kentucky  Gas 
Company,  Owensboro,  Kentucky. 

Water 

The  source  of  the  Central  City  municipal  supply  is  the 
Green  River.   Average  pumping  time  to  meet  requirements  is  22 
hours  in  summer  months  and  12-14  hours  in  winter  months. 

Sewage 

Central  City^has  a  city-owned,  combination  storm  and 
sanitary  sewer  system. 

Housing 

Cost  of  rental  for  two  and  three  bedroom  houses  in 
Central  City  is  from  $40  to  $85.  Construction  costs  average 
from  $10,000  to  $17,000. 

Health 

The  Muhlenberg  Community  Hospital  is  located  at 
Greenville,  8  miles  south  of  Central  City.   Capacity  of  this 
hospital  is  about  100  beds.  Facilities  and  equipment  are  ultra- 
modern. 

Education 

Table  B-4  below  lists  the  total  enrollment  and  number 
of  teachers  in  the  Muhlenberg  County,  Central  City,  and 
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Greenville  schools. 


Table  B-4 

SCHOOLS,  ENROLLMENT,  AND  NUMBER  OF  TEACHERS 

IN  CENTRAL  CITY,  GREENVILLE,  AND 
MUHLENBERG  COUNTY,  1959-60 


System 

Muhlenberg  Co.  El em. 
Muhlenberg  Co.  High 
Central  City  Elem. 
Central  City  High 
Greenville  Elem. 
Greenville  High 
St.  Joseph  (Parochial) 


No.  of 

Student-Teacher 

Enrollment 

Teachers 
109 

Ratio 

3,545 

33 

1,535 

68 

23 

702 

25 

28 

210 

10 

21 

549 

19 

29 

351 

16 

22 

76 

3 

25 

Libraries 

The  Central  City  Public  Library  has  5, 382  volumes  and 
a  circulation  if  3,613.   Muhlenberg  County  is  served  by  a 
bookmobile. 

Churches 

Central  City  has  12  churches  including  Baptist, 
Christian,  Church  of  Christ,  Methodist,  Catholic,  Southern 
Presbyterian,  and  Church  of  God. 

Communications 

The  Messenger  &  Times-Argus,  a  weekly  newspaper,  is 
published  in  Central  City  and  has  a  circulation  of  3,600.   The 
Louisville  Courier- Journal  and  the  Owensboro  Messenger  are 
received  regularly. 

Radio  stations  WMTA  at  1380  kc  and  WNES  at  1050  kc 
serve  the  Central  City  area. 

Television  reception  is  good  from  Nashville, Tennessee, 
Evansville,  Indiana,  and  Bowling  Green,  Kentucky. 
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Recreation 

The  Green  River,  near  Central  City,  offers  swimming, 
fishing,  and  boating.  Additional  facilities  are  available  at 
or  near  Greenville,  nine  miles  south  of  Central  City. 

GREENVILLE,  KENTUCKY 

1960  Population:   Greenville  3,198,  Muhlenberg  County,  27,791 

Transportation 

Railroads 

Greenville  is  served  by  the  Kentucky  Division  of  the 
Illinois  Central  Railroad  with  three  freights  daily.   Switching 
service  is  provided  on  3  tracks,  which  will  accommodate  40  cars. 

Highways 

Greenville  is  served  by  US  63,  431,  and  41,  and 
Kentucky  601,  181,  176,  and  171.   Truck  lines  serving  Greenville 
include  Denver  Chicago  Trucking  Co., Inc.,  of  Owensboro,  Kentucky; 
Arnold  Ligon  Truck  Line,  Madisonville,  Kentucky;  and  Hayes 
Freight  Lines,  Inc.,  Indianapolis,  Indiana. 


Table 

B- 

-5 

TRUCK 

TRANSIT 

TIME  FROM 

GREENVILLE,  KENTUCKY 

rrive 

Arrive 

(days] 

Aj 

(days 

To 

TL 

LTL 

To 

TL 

LTL 

Atlanta 

2 

2 

Louisville 

1 

1 

Birmingham 

2 

2 

Los  Angeles 

6 

7 

Chicago 

2 

2 

Nashville 

1 

1 

Cincinnati 

2 

2 

New  Orleans 

3 

3 

Cleveland 

3 

4 

New  York 

3 

3 

Detroit 

3 

3 

Pittsburgh 

3 

3 

Knoxville 

2 

2 

St.  Louis 

2 

2 

Air 

The  nearest  commercial  airport  is  the  Owensboro- 
Daviess  County  Airport,  43  miles  distant.   A  new  airport  with  a 
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3,200  foot  paved  strip  is  under  construction  near  Greenville. 

Water 

Owensboro,  43  miles  distant,  has  complete  barge 
facilities  on  the  Ohio  River.   Coal  companies  utilize  the  Green 
River  near  Greenville  for  barge  shipments. 

Utilities 

Electricity 

Greenville  is  served  by  Kentucky  Utilities  Company 
from  its  generating  plant  just  north  of  Central  City.   The  plant 
has  a  generating  capacity  of  250,000  kw.   The  Tennessee  Valley 
Authority  has  completed  a  new  power  plant  on  the  Green  River 
near  Paradise  which  will  have  a  capacity  of  1,300,000  kw. 

Natural  Gas 

Natural  gas  is  supplied  by  Western  Kentucky  Gas 
Company  at  an  average  Btu  content  of  1,040  per  cubic  foot  and  a 
specific  gravity  of  0.60. 

Water 

Water  is  supplied  by  the  City  of  Greenville  Utilities 
Commission,  from  three  local  lakes.   Average  daily  use  is 
220,000  gallons  and  pumping  time  to  meet  requirements  is  7  hours 

Sewerage 

The  Greenville  Utilities  Commission  has  recently 
installed  a  new  sewerage  system,  which  is  operating  at  30 
percent  of  capacity.   Storm  and  sanitary  sewers  are  separate. 

Housing 

The  rental  range  for  two  and  three  bedroom  houses  is 
$40  to  $85  per  month.   Construction  cost  for  two  and  three 
bedroom  houses  is  $10,000  to  $18,000,  depending  on  type  of 
construction,  location,  and  materials  used.   Four  new  sub- 
divisions are  currently  under  development. 
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Health 

The  100  bed  Muhlenberg  Community  Hospital  is  located 
at  Greenville  and  has  a  staff  including  9  doctors,  9  registered 
nurses,  2  laboratory  technicians,  and  2  X-ray  technicians.   The 
Muhlenberg  County  Health  Department,  located  at  Greenville,  is 
staffed  by  a  doctor,  a  full-time  registered  nurse,  and  a 
sanitarian . 

Education 

Education  facilities  and  data  for  Muhlenberg  County 
are  presented  in  the  description  under  Central  City.   Greenville 
and  Muhlenberg  County  are  served  by  the  Madisonville  Area 
Vocational  School,  located  in  Madisonville  20  miles  distant. 
Courses  offered  include  auto  mechanics,  drafting,  electronics, 
general  industrial  electricity,  machine  shop,  woodworking,  and 
carpentry.   Institutes  of  higher  learning  in  the  area  include 
Brescia  College,  and  Kentucky  Wesleyan  College,  Owensboro,  43 
miles;  Bethel  College,  Hopkinsville,  30  miles;  Western  Kentucky 
State  College,  Bowling  Green,  58  miles;  and  Murray  State  College, 
87  miles. 

Libraries 

About  5,000  volumes  are  available  at  the  Greenville 
Public  Library;  rural  parts  of  the  county  are  served  regularly 
by  a  bookmobile. 

Churches 

The  following  denominations  are  included  among  the 
nine  churches  in  Greenville:   Baptist,  Methodist,  Presbyterian, 
Mormon,  Church  of  Christ,  and  Holiness. 

Communications 

The  weekly  Greenville  Leader  has  a  circulation  of 
approximately  2,850.   The  Louisville  and  Owensboro  newspapers 
are  received  daily. 

WMTA  and  WNES  serve  Greenville  and  Central  City  with 
radio  programming. 

Television  reception  is  good  from  Nashville, 
Tennessee;  Evansville,  Indiana;  and  Bowling  Green,  Kentucky. 
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Recreation 

The  Greenville  Country  Club  has  a  9-hole  golf  course, 
club  house,  and  a  modern  swimming  pool .  The  school  playground 
is  well  equipped  and  has  a  full-time  director.   Commercial 
recreation  facilities  include  a  new  10-lane  bowling  alley,  a 
miniature  golf  course,  one  drive-in  theatre,  and  one  indoor 
theatre.   Bandy's  Lake  provides  swimming  and  picnicking 
facilities,  and  Sportsman's  Club  Lake  has  facilities  for  fishing, 
camping,  and  picnicking. 

OTHER  AREA  FACILITIES 

Located  within  easy  reach  of  the  Western  Kentucky  area 
are  such  area  recreation  facilities  as  Kentucky  Lake,  Pennyrile 
Forest  State  Park,  Mammoth  Cave  National  Park,  Kentucky  Dam 
Village  State  Park,  and  Cherokee  State  Park. 

Kentucky  Dam  Village  State  Park  has  a  full-time 
recreation  director,  two  large  docks,  a  large  sand  beach,  lodge 
rooms,  dining  room,  and  commissary.   Other  facilities  include 
an  18-hold  golf  course,  badminton,  horseback  riding,  tennis, 
croquet,  summer  theatrical  productions,  and  an  airport  with  a 
3,000-foot  runway. 

Cherokee  State  Park  and  Kentucky  Lake  State  Park  have 
boat  docks,  light  housekeeping  cottages,  dining  rooms,  beaches, 
swimming  facilities,  and  picnic  and  fishing  areas. 

Barkley  Lake,  now  under  construction  and  only  one  mile 
east  of  Kentucky  Lake,  will  extend  117  miles  toward  Nashville 
on  the  Cumberland  River.   The  two  lakes  will  be  connected  by  a 
canal,  and  facilities  on  Barkley  Lake  will  be  similar  to  those 
presently  located  on  Kentucky  Lake.   There  is  a  further  proposal 
to  establish  a  state  park  between  Barkley  and  Kentucky  Lakes, 
increasing  the  recreation  area  and  facilities  in  Western  Kentucky 
even  further. 
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